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r  ETTER  OF  TRANSMIH  AI.. 

Elt.enk  Ha.\m:i.,  Ks<|,,  Pli.D., 
Director  Mines  Hram  h, 
Dtpartmerii  of  Mines, 
Ottaw.i 

Sir,- 

In  accordance  with  your  leMer  of  instriir.i..ns  of  Mav 
19.  1914.  I  proceeded  to  Swe.le,  June.  I  visi.ed  the  three 
mn^ortant  works  at  which  the  elec.ri.-  smelting  of  iron  ores  is 
.n  operatu.n    and  called  u,..n  c;eneral  Major  Cijor.  I.    I  iun  - 

^^.^;;^"':  ;'"""•  ''?■•  ^'"''  ""^^  «-"■-"■"  -  -""- 

yoii  gave  me  .rtroducfonv  Fn  additi-u,  to  this  I  MUestigated 
a  new  steei-mak.ng  furnace  in  Sucdcn,  an.l  one  electric  irm^ 
smelting  plant  in  Norway. 

I  wish  to  express  my  ol.liKation  to  the  manaKement  an.l 
I  met  m  Sweden  and  Norway,  for  the  information  thev  placed  at 

.TJ^ro'-r  "■' "- ''""  '"-■ «..:.',::.;; 

I  i«g  10  suhmit,  herewith,  .he  „.p„rl  „t  „„  i„v,,,iga,i„n. 
I  have  the  honour  to  he, 
Sir, 
Your  oh:.Hlient  servant, 
Montreal.  (^'^ig»,d)    Alfred  Stansfield. 

January  2,  1915. 
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ELECTROTHERMIC  SMELTING  OF  IRON 
ORES  IN  SWEDEN. 


PART  I. 

C.EXKRAI.  RKPORT. 
INTRODICTORY. 

with?^  ^?''"*  investigation  was  made  to  obtain  information 
m  S  '"■  '^'  *-"""'"""■  "^  "^'"-ercial  operation  of  the 
e  ect  otherm.c  .ron-smeltin^  furnaces  in  Sweden:  such  informal 
t.on  bemg  of  great  value  in  view  of  the  possibility  of  establishing 
an  electric  iron-smelting  industrv  i>.  Canada 

meet^i!  m         '"""'''''^  '^'  P"""^^"  ^"'''^'"S  plants,  besides 

iXl.  '■  '"f"'""'  '"^  "'^^*'"  S^"»'^"^^"  ^h^'  «ere  well 
informed  m  regard  to  electric  iron-smelting 

at  NWir''"  t "''  ""''"''"  ^^'  "^'^"^^'^  ^^'  '"^'"^^  »he  furnaces 

fn  ^^°;°^.''^".'V  «?'"^'  ""^  ''  "^'^'  ^•'^'^tric  steel-making  furnace 
m  operation  in  Sweden. 

ELECTRIC  FURNACES  FOR  IRON  SMELTING. 

At  the  present  time  there  are  two  main  types  of  electric 
furnace  for  smelting  iron  ores:—  e.eciric 

(1)  The  Elektrometall  furnace,  in  which  the  ore  is  pre- 
hea  ed  and  partially  reduced  in  a  shaft  before  it  reaches  the 
ZtZ  h"'"=  '^'^  '''''''''  «^  ''''•  "-  ■"  ^he  shaft  an5  the 
stted  h    :."""?  °^  *''  ''■°"  '"  ^'^^  °-  ^-"g  materially  as- 

S"  of'tU'^ura^l''^"  °'  ^'^  '"^"^^^  ^^^^^'  ^•'^^^'^  '^  ^^— 

tvDe^t^Tr\°^  ""'  "^'f^"^t^>i"-  Californian,  and  Tinfos 
An V    Tf.  /'''''  ■'  "°  P'"'^^-'^'""   f°^  preheating  the  ore 

Any  shafts  employed  are  merely  for  the  purpose  of  introducing 


the  ore  charge  conveniently,  and  the  main  object  of  the  design 
18,  to  obtain  a  large  and  substantial  furnace  for  smeltint  iron 
ores  by  electrical  heat. 

In  Sweden,  the  Elektrometall  furnace  has  l^en  largely 
used,  and  is  in  regular  commercial  operation,  but  experiments 
are  bemg  made  with  a  modified  Helfenstein  furnace.  In  Norway, 
the  Tmfos  furnace  is  in  operat  on  on  a  moderate  scale. 

Elektrometall  Flk.sace. 

This   has   been   descrilx;d  by  many   writers',  and    -t   will 
therefore,  be  sufficient  to  give  a  short  accoimt  of  the  most  recent 
construction  of  this  type  of  furnace.     The  crucible  is  circular 
and  provided  with  one  tapping  hole,  from  which  both  the  slag 
and  metal  are  withdrawn  (see  Plates  III  an<i  IV)  an  additional 
hole  bemg  available  for  use  in  emergency.     The  metal  and  slag 
are  separated  by  a  dam  as  they  flow;    the  metal  l>eing  cast 
into  pigs,  (see  Plates  IV,  V,  and  VI)  or  taken  in  a  ladle  to  the 
Bessemer  converter  or  the  open-hearth  furnace.     The  crucible  is 
lined  with  fire-brick  like  the  ordinary  blast-furnace,  and  not,  as  in 
the  earlier  furnaces,  with  magnesite.     The  stack  of  the  furnace  is 
constructed  in  a  steel  shell,  and  is  supported  on  steel  beams, 
independent  of  the  crucible.     The  shaft  is  reduced  to  a  neck 
where  ,t  enters  the  crut'-le,  so  as  to  leave  a  free  space  in  the 
crucible  for  *he  incroduction  of  the  electrodes.     The  tendency  is 
to  increase  the  width  of  this  neck,  particularly  when  powdery 
ores  are  to  be  treated,  as  this  leaves  a  freer  course  for  the  pas- 
sage of  the  gases  up  the  shaft. 

The  arch  of  the  crucible  is  constructed  of  fire-clay  bricks 
(not  of  magnesite  or  silica  bricks).     The  arch  js  cooled  below 
by  the  introduction  of  cool  gases  from  the  top  of  the  furnace 
and  It  is  also  cooled  on  its  upper  surface  by  cold  air  from  a  number 
of  pip^,  as  shown  in  Plate  I.     The  arch  is  the  least  substantial 
part  of  the  furnace,  but  repaiis  to  it  can  be  effected  without 
great  delay,  by  introducing  some  cold  ore-charge  into  the  crucible 
and  using  this  as  a  temporary  support  for  the  new  brickwork 
^"^  electrodes  are  circular,   about   600   mm.    (2  feel)    in 

■  Rtf««ncM  ,iv„  i„   b,blio»iapl.>    .t  O.e  «nd   ot    ,hi.    R.port. 
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1 

.lM.n.,rr.  an.l  4  r.r  5  f.ct  U.nR  ,s,,  Vlnv  II.  nnri  ...n  1^  attached 
n.<l  ,..  c.u  hv  „un,l.l...|  .arlKM,  „i,,,,l,.,  w„i.  h  ar.-  v  nw.-l  i,„.. 
threa.l...l  holrn  .n  thi-  c„,K  ..f  the  .  I...  .hkUs.  Th,  ele.  trcnle 
^ ::  ''^•'  ^''-'''-i-'llv  .1..  sam,.  i„  all  Kiektronutall  furnaces, 

see  Mates  I    II    atul  III,   and  <,.n.i-.,   „f  ,«..  j,,,;,,,,,,  ^,„.,,, 

b..twee„   wh.rh   the  eleCnuies  lie,   >u rte.l    U    .ui.le   rollers. 

At  tl,e  iK.ttom  „f  these  K'ui.les  i.  the  water-.CM.Ied  rollar.  h„il, 
-.no  fhe  ..mar.  ..rd,.  Tin  .ollar  is  s.,„,K,r,..,l  fr,.m  Une, 
M.    ha,  ,t  does  n<,t  press  ..,.  ,he  arrh.  a.ui  is  -m.  ked  ana,,..!  the 

le  tn.,e  w.h  asf.es,.. s...  tha,   the  «..s  ,1.....  .,.,t  esea,.-  from 

tht    f..rnac-e.     Aln.ve   th.s,   ...n-.-s  a   water-,  nol,.,|  .on.art   rine 
.c."s,st,nK.  essc-tuiaily,  of  a   nun.iHr  .,f  ,„.,al   Mocks.   forn.inR 

a.l.x,LI.-col!arthatea,.|,,-i.h,.,,c.,I..ro.,,ultheele.tr.Kle.     IWh 

.  ..rk  ,.  .-onnecte,!  to  o„e  n,  ,h.  .opper  In.s-l.ars  l,v  a  short  piece 

■f  fUx.l.le  cable.     AU,xe  the  .....tact  rin^,  which  i.  close  ..Ik.vc 

the  fornace  arch.  ,s  a  .  Ia,npi„«  rin<  for  f....,li,.K  the  electrifies 

rh.s  r,nK  Knrvs  the  .le.-tro.U  ,  ..nd  ca.,  Ih-  ma.ic-  to  nu.ve  t.p  or 

'l..w„  the  RiiuU>s  hy  a  p..ir  of  !„„«  screws.      The  ,w..  screvvs  are 

o,.tr..,ed  from  above  by  ,  ratchet   fPla.e  ID  ami  thes   ..re  .on- 

necte.!  to^c.her  by  ^earin^.  so  ,|,at  they  ,„us,  t„n,  a,  the  same 

rate.      I  h-   electrodes  ,lo  „o,.  ,s  a  rule,  „eed  ,.,„xi,„  .....re  than 

'^- '  e  ,n  two  or  three  d.iys. 

The    larger    furna.es    Juve    six    ..Icrodcs,    suppli.,!    with 
hree-phase     current     fr.„„     ,hr.e     tra.,sforn.ers.      |;...h     ,ra,.s- 

M.  hat  the  electric  current  tends  to  pass  between  these  i..stead 
of  between  a.  jacent  electro.les.  as  in   the  .>arlier  arn.n,-  ment. 

The  Noltage  of  each  transforn.er  can  l,e  rcKuIatcl  separate'     by 
mc^ans  of  taps  on  the  prin,..ry  win.li,.,.,  ami  a  nearlv  .......at.t 

l^wer  .an  thus  be  supplie.l  to  ea.h  pair  of  electrodes!.,  snitc  of 
rha,.ses  ,n  theelectricai  resistan.v  between  them.  The  .VKulation 
of  the  electnc  (x.wer  .s  thus  etfe.te.l  by  .  han^i.-K  the  voi.a«e  of 

he  supply  an.l   not   by   n,ovi.,K   the  .-lectrodes   up  an.l   dow„. 

Uen   an  electrode   has  become  ,...  .k.u.  ,,„,„   i.  i,„,icUe.l 

IS  ted  farther  ,n,  as  described  aix.ve 

The  circulation  of  the  fun.acc  k-.s  is  an  in.portant  leature 
"1  th.s  t>,H.  ..f  furnace.     The  Ra.  is  withdrawn  from  the  lop  of 


■'"--.-'•?='■=■  "^^  ■  -'M'.:iS'''Ji-ss#-f  v>*vtMjmmfn7"^i 


the  furnace,  passed  through  cinst  catchers,  then  through  pipes 
where  ,t  meets  a  spray  of  >vater.  then  through  a  cc' tr^ 
fan.  also  supphed  ^^ah  a  water  spray,  a.ul  finally,  through  a 
separating  chamber  for  the  removal  of  the  entangled  water 

In  sr>me  cases  a  Roots  blower  is  used  to  ensure  a  constant 
flow  of  gas    but  „,  other  cases  the  rotary  washing  fan  is  d"! 
pended  on  for  effecting  this  purp<.se.     The  washed  gas  is  sup- 
plied to  s,x  tuyeres  entering  beneath  the  furnace  arch  and  be- 
tween adjacent  electrodes.     These  tuyeres  cannot  he  utilized  for 
peep  hole.s  as  m  the  blast-furnace,  because  the  dirt  in  the  gas 
quickly   obscures   any   glass   windows.     The   operation   of   the 
furnace  depends  ver>-  largely  on  the  gas  circulation.     Increasing 
the  circulation  raises  the  temperature  in  the  shaft,  facilitates 
the  reduction  of  the  ore,  raises  the  percentage  of  CO3  in  the 
escaping  gases,  and  increases  the  economy  both  of  electric  power 
and  of  fuel ;  but  on  the  other  hand  it  increases  the  consumption  of 
electrodes  as  these  are  attacked  by  the  CO,  in  the  circulating  gas 
Ihe  gas  escaping  from  the  Swedish  furnaces  is  not  fully 

onen  tf.h^T"*'  '"'  "  "'"  P"''^'^'^-  ^^  ^'"P'"^-^^  ^^  Seating 
open-hearth   furnaces,   or   for  similar  purposes,   and   this  will 

represent  an  important  economy  in  the  operation  of  the  furnace. 

Helfenstein  Tvi'i;  of  Fcrnace. 

Under  this  heading  may  be  grouped  a  number  of  electric 
smelting  fiirnaces  which   resemble  the  Helfenstein   ferro-silicon 

Noble  Llectric  Steel  Company,  at  Heroult.  California,  USA  = 
1  Ins  type  of  furnace  consists  of  a  large  smelting  chamber,  usually 
rectangular  in  p  an.  having  a  number  of  vertical  electrodes,  which 
enter  tl-^ough  the  roof  Tl>e  ore  charge  is  intro<]uced  through  a 
numberof  chutes,but  noattempt  is  made  to  preheat  the  ore  before 
itjnters  the  smelting  chamber.     The  Helfenstein  furnace'  cor- 

'  M«,  a'ld  Ch...!,-..  Kn/.  X,  \'>\>,  ,,   „>„. 
=  Met.  anil  rh«n..  Vv...   \I.   l^m    ,,    in 
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responds  roughly  to  the  crucible  of  the  Elektrometall  furnace; 
the  large  shaft  of  the  latter  being  replaced  by  comparatively 
small  charging  chutes.  The  economy  obtained  by  the  large 
shaft  and  gas-circulation  of  the  Elektrometall  furnace  is  deli- 
berately abandoned  in  '.he  Helfenstein  furnace;  attention  being 
centred,  instead,  on  the  provision  of  a  large  and  substantial 
smelting  chamber,  in  which  the  smelting  can  be  carried  out 
rapidly  by  electric  energy.  In  the  Elektrometall  furnace  the 
shaft  is  much  larger  than  the  crucible,  and  its  removal  renders  it 
easier  to  construct  a  smelting  chamber  in  which  a  large  amount 
of  electrical  energy  can  be  utilized. 

The  economy  of  electric  furnaces  increases  with  the  amount 
of  power  employed,  and  by  building  a  furnace  to  use  say  12,000 
h.p.,  instead  of  4,000  h.p.,  the  increase  in  economy,  so  obtained, 
may  offset  the  loss  of  economy  due  to  the  want  of  a  preheating 
stack.  In  addition  to  this  it  must  be  remembered  that  the  gas 
given  off  from  this  type  of  furnace  will  be  largei  in  amount  and 
richer  in  carbon  monoxide  than  the  gas  from  ihe  Eiektinmetall 
furnace,  and  it  will  have  a  greater  value  for  heating  open-hearth 
or  other  furnaces. 

The  Stora  Kopparbergs  Bergslags  A/Bhave  been  experiment- 
ing for  some  time  with  a  furnace  of  the  Helfenstein  type,  at 
Domnarfvet,  and  have  ultimately  been  successful  with  it; 
although  it  has  not  yet  passed  the  experimental  stage,  and 
particulars  cannot  be  made  known.  In  the  first  place  the  fur- 
nace was  built  on  lines  similar  to  the  Helfenstein  ferro-silicon 
furnace;  but  important  modifications  have  been  found  necessary 
before  it  could  be  successfully  employed  for  smelting  iron  ores. 

In  Norway,  the  Tinfos  Jemverk  A/S  are  operating,  at  Notod- 
den,  three  single-phase  furnaces  of  about  1,600  h.p.  each.  The 
"Tinfos"  furnace  (see  Fig.  2)  consists  of  a  long  rectangular 
smelting  chamber,  having  an  inclined  chute  along  each  long 
side,  to  supply  the  ore  charge.  The  roof,  between  these  chutes, 
is  carried  by  means  of  two  water-cooled  beams  running  the  length 
of  the  furnace,  and  placed  just  far  enough  apart  to  admit  the 
rectangular  electrodes,  o'  hich  there  are  three  connected  to  one 
pole  of  the  supply.  The  opposing  electrode  lies  in  the  bottom  of 
the  furnace,  and  is  covered  with  a  bed  of  rammed  coke,  which 


forms  the  work.nR  bottom,  and  ha«  been  found  to  last   verv 

ate    .n  the  report:  but  on  account  of  the  small  amount  of  r^wer 
employed,  and  of  the  different  conditions  which  obtain,  no  Zm 

and  that  of  the  Liektrometall  furnaces 

In  comparing  the  Elektrometall  with  the  Helfenstein  type 

with  the  former  when  using  very  F)owdery  ores,  owing  to  the 
charge  m  the  shaft  Incoming  too  compact  to  allow  the  passage 

^umatTl   H  If  '""'"'^^  ""^^  '^'  '''  '^^^  serious  w.u'a 
tumace  of  the   Helfenstem   type.     A  similar  comparison   mav 

fnd  ir     .     "■","''  '"   ""'  '■^■^'■'^^^»  -  a   reducing  agent 
?urn.c      7      ""''  .'°  ""^  "■•'^^  '"^^^^^  ^^f  '■harcoal   in   the^ 
furnaces    have    not    been    very    successful.     I.e.s   difficultyl! 
expenenced  m  the  use  of  coke  in  a  simple  Helfenstein  fnac 
and  coke  ,s  used  regularly  i„  the  Tinfos  furnace^ 

for  sl,t'l  ""l'"''  "^  ^'^^  ''^'''  ^^''^''^  f^'g-'^""-  ^"d  its  value 
for  stee  -makmg.   cannot   be  entirely  determined   by  ordinary 

rapidly  smelr.ng  the  raw  charge  in  a  high-powered  furnace 
whir' ;",•'"'''''  the  product  of  the  Elektrometall  fuma  e 
with  us  prelnninary  shaft-reduction,  and  more  moderate  rate 
of  smeltmg.  The  Elektrometall  fu,-nace  has  been  oTnd  to 
y.ed  .ron  of  the  highes.  quality,  and  the  Stora  Kopparbergs 
Bergs,a,«  have  deeded  to  use  this  type-  of  fun,.ce  for  making 

cees  with  the  Helfenstein  furnace. 

ELECTRIC  IRON  SMELTING  IN  SWEDEN. 

SwphII!'  1-"""^  '>on-smelting  industry  is  well  established  in 
Iea!t  2  '"  "'  "'"  '"  ''^^'''  commercial  use.  and  at 

least  three  more  are  in  course  of  construction.'    It  is  true  that  the 

.ho.'iJL'rre;::  t:i  ""bv;  '"'T%r  '-'■ '""  •"  ^^■^<'"  - '"« -r  ,9,.. 


output  of  these  fi,rnare.  is  n„t  .cry  large.  h„  ,l,r.v  h.^e  as  large 
an  output  as  the  .harcoal  l,Ias,.furnarc.  uhi,  h  .h.v  r.  pla.e 

pure  Swedish  ore.  wnh  chan-.ul  i„  hl,.si-fur.arcs  ,>f  v.  rv  n.o.l.r' 
ate  dimensions,  and  small  viHI.  This  in,  ,s.rv  has  Uc-,  .■„„>. 
merm  ly  proh.ahie  on  arro„„,  „,„,,  high  quaiitv  a.ui  .on.e- 
quen  h.«h  pnceof  the  rcsuhi:,,  pi,.i.,„.  -nu<,utp;:,„f,hi.|".h 
quality  iron  h.is  Ix^en  restrictc.l  In  the  inrreasinR  pri...  .,„.!  ...,„ 
more  l,y  the  incrrasiUK  srarrir--  .1  .-harroal  available  tor  smoliinR 
tne  iron.  ^ 

The  elertrie   furnace   ha.   r.nv    !,ernn,e  a   de,>e,.lal.e  and 
erononnc    apphance    for    rep,l„r    o.mmenial    use.     The    iro,. 
'Ha,ne,l  from  „  is  even  Letter  tl-.n,  that  from  the  chanoal-  n  , 
.last-furnaee.  usinjj  the  same  or.s  and  fuel.     The  cost  of  makiuR 

h^nT'th^'T  '■'^'■7'.^'^'"^''  -.ter-p<,wer.  is  somewhat  les! 
thar  i„  the  charcoal  hlast-furnacc..  The  amount  of  iron  ;hat 
c.m  be  made  with  a  definite  supply  of  charc-oal  is  three  times  as 
mu.h  ,„  the  electric  furnace  as  in  the  l.last-furnace.  Thest- 
<-ons.dcratK,n>  appear  to  reprr.en.  the  foundation  of  ih,-  present 
electric  iron-smeltii  .4  industry  in  Sweden 

sn.l/'''r*''''''!T"""^"'"-'""  ^'^'"   ''^'^'"•''-  f"  -Iv.m.age.  thr 
small  charcoal  Mast-furnaces  in  whi.h  hi^h-grade  'Swedish  iron 
>^as  mace:  but  u  must  be  remembered  thai  their  output  is  small. 
1  he  brgest  now  in  operation.  ,he  4,000  h.p.  furnace  at  Doinnarf- 
vet.  has  an  average  daily  outpui  of  about  .50  ton.s.     The  small- 
ness  of  the  scale  on  which  these  furnaces  operate  may  not  l)e 
ha  mfnl   .„   the  charcoal-iron   in<lustry.   because  quaiitv  rather 
than  quantity  ,s  aimed  at.  and  because  charcoal  furnaces  must 
always   be  of  moderate  dimensions.     Such    furnaces,   however 
cannot    compete,    commercially,     with    a    modern    coke    blast' 
^rnace  of  400  or  500  tons  daiK^  output.     It  must  also  Ik.  remen,- 
bered  th.-it  attempts  to  use  coke  instead  of  charcoal  in  the  Klek- 
trometal    -urnace  have  so  far  (;een   unsuccessful,   though   i.    is 

Sin"  .'h  /''  '""""""^  -countered  may  l.e  overcome  by 
building  the  furnace  shaft  s<-,newhat  wi.ler  and  lower.  This 
•hange  is  neeJed  be, ausc.  coke  is  far  less  bulk>  than  charcoal  and 
the  charge  IS  therefore  less  op,.n  anci  obstructs  the  passage  of  the 
gases  up  the  shaft.     l>,cnu    in.^  is  fox.nd  to  be  b     .er  than  lime- 
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ever,  ..     tht   rrsult  of  experiments  by  Dr.  Haanel^ 
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and  others  that  ...Iphnr  can  l.o  ..liminafcd  xxrv  th..n.,„hlv  in 
he  elcctnc  urnace.  al.h,.„Kh  .he  cost  of  s...  l.in,  «ill  '  „" 
l^  n.uch  h.KhcT  than  u  h.„  pure  ores  are  use,!  h  ren. .  ,.  . 
asc^rtamed  als..  whether  the  ■Klektronutall"  fu  nace"  ^  ^ 
suited  for  this  purp<,se.  ""an    is  \\ui 

,nH  !'  u   "T?"'?  f^"=^'^''''»'^"t  '""'nt  orcsnf  moderate  purity 
and  a  cheap  fuel  such  as  charred  wood  ref.se,  or  gas  ,  oke    Zlll 

quality  of  .ron  suitable  for  car-wheels  rouI,l  be  n,a,'        a  pr 
m  one  or  another  of  the  electric  sn.elt  in,  furn.ees  ...t  p,e  J,t  in  ule 

COMMERCIAL  EFFICIENCY  OF  THE  rLFKTROM.  TAIL  FL  RNACE. 

fo     the  consumpt,on    of    ele.tric  e„er,v.    ..h,.n.,al.    .-lectr     , 

first  be  made  w,th  regard  ,o  tl  e  apolu.  tio-.  of  these  da-a 

erat.on  of  u.e  furnace.  Suj-i  .,se  that  a  sr,H.i,i„,  „!  ,„t  U  ecuii  . 
ped  wtth  one  furnace,  and  had  extracted  to  pav  fi  0  oT  ■ 
o  elec tncal  ener.,  U  Hat  proportion  of  the  an  oun  n.id  or 
^^.ll  actually  he  utd,.-.d  in  the  f.:rnace.  uhiie  U  is  runniL  .nc 
What  proporfon  of  the  total  tin.,  uil,  he  .......  o.:;;.; 

and  h<l.da>s.>     We  may  sup,  ose  that  the  piar:t   cannot  dnw 

more    han   M.OO  K.U .  for  acv  anpn.,-i,.l>!e  ien„h  of    i„  e    and 

hat     he  object  of  the  furnac.    men   is  to  Lep\he  wh       '  lo  d 

(furnace  motors,  and  l.ght)  as  close  to  .,000  K^\■  as  possible. 

In  the  hrst  place,  u  will  ',e  noted  that  the  electric    „ower 

to  about  80  or  90  volts,  for  use  iu  the  furna.H^     This  in^olves  . 
bss  of  perhaps  3  per  cent  on  the  w  hole  power;  but  as  aU  the  po   e' 

ormers,  there  ,s  no  correction  on  this  account  to  be  applied  to 
the  figures  quoted  for  kilowatt  hours  per  ton  of  iron. 

and  iLhtinrtl "'  f  '''-'"^  "'"^^'  *^""^"'"^^  '"  ^^""i"*?  '"oto'-s 
^hat  is  7  l\v  "*    "^o  ''.'^""^  '^  ^''  ^^"^  "f  ^he  whole  supply: 


10 

In.,/^**  ."•"''.  ^''"'  '''  '''"^*''*"'  '"  "''•  8t.a.lin..^  of  ,hr  furnace 
oart  as  ,h.H  ,l..t.  rnu.u  s  lu.w  .1,...  ,he  n.ean  loa.l  .an  k-  1 1  h^ 

extent  of  the  irr.,;,,!  antus  .„  ,  ..wrr.an.l  thcrauses  of  ,he^      The 
furnace  .stapfH-cl  on,-.-  in  six  lun.rs.  an.l  as  n,ol,e.,  iron  Ll  Z 
are  rorn<,ve.l  from  the  f„rna. ...  the  ..L.tncal  resistance  increase. 
*h  le  the  n,rr,.nt  a.u!  ,.„,.  .U....as.        The  attendant  .wre^^ 
h.s  n,ore  or  le.s  promptly.  .,v  rai^in^  the  voltap..  of  the  M.ppK- 
he    ,H.wer   ,n.r,......s.   .,„.,    ...„    ,,,,„„,,   ,,^,   ^reat.   then     he 

u;;-.ott,™,tofu/..s:-;;:x— 

The  reRulafon  of  the  clec.ro.lr.  als.,  necessitates  a  temrrTr^' 
Hn.p  ,.  the  ,x.wer  .onsumption.  Fn  a  six  electrode  fu3h^. 
eurrent  .s  cut  ofT  one  p.ir  of  .,..  ,ro.les.  thus  losing  n       K  one 

opera  .on    that   occufmcs   a    few    minutes.     I„    interprrtinr   the 

milium         "^''"""""  '^"""-  ^^  '^•^'  -  'i  '-  -'t  "f  the 
wh.le  the  furnace  s  u,  operation  is  alK,ut  92  per  cent  of  the  maxi- 

cent  of  the  .1  f'-rnace  m.h.es  during  operation  about  90  per 
cent  of  the  pf.wer  supphed  to  the  plant'. 

and  Itonn-'''"'t'  '^'  ""■  ""'"^'^"^  consideration  of  holi.lavs 
and  stoppaKes  for  repairs  .uul  refining;  because  during  these 
pcruKls  the  elec.ru-  rK,wer  is  !,eing  paid  for.  although  no  iron  " 

fnu      i^  Innk^'  '''  '-'"'a>s-.Iuring  which  the  furnace 

must   tx-  banked-amount   to  some  9  or   10  days  in   the  year 
(2i  per  cent)    and  the  other  stoppages  to  two  or  three  weeS 
rnakmg  ,  total  loss  of  tin,e  of  ,s  or  9  per  cent  of  the  whole 


nifrisiirdiR  .,||  th>-  pom-fr  on  th» 
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ComLininp  .lu^e  fi.ur.s,  wc   find   that  U>e  power  utilized 
b>  the  furnace  an.uunts  t.,  M>„>e  82  or  83  per  ant  0^1,. 
amount  (laid  f(,r  '  ^  '^^  ^"^  Si'oss 

furnace,   vvhid;.:\':i,T 

conditiors     a    u.al/le    n  >  '^'"'    *'"'"•      ^''''^''    '^''^ 

c-ould   utilize  .re    ;«,    T""^'^    '",  ^'^■"'^^'   ^'^^   ^^^^^   ^^-aces 
P-nunti::,:;r    '"  ^  ^^^^  ^"   "-  -^c'e  r^er  tor  uhich 

Tlie  degree  of  ar.iiiuiitv  <.f  oner  it^on    >t<;.,   u     •       c 

(1)  At   Dun.narivet  and   Troliiiattan.   fron.  ores  of   58  to 
60  per  cent  iron,  basic  Bessemer  iron  needs  2  245  KVV    h 
wh;  e  acid  open-hearth  iron  needs  2  lU       T  \     ''"'■'' 

2.200  K.W.  hours  '  ""  ^^'^''^S^  ^S^''^  ^^ 


\3 


(2)  At  Domnarfvft  and  Hagfors,  froiimrfsof  50iH-rii'iit  ir..ii, 
acid  open-hearth  iron  re(iiiireh  2,500  2,<iO{)  K.W.  hours  at  one 
plant,  and  2,500  K.W.  hours  .it  the  other;  or.  2,500  K.W. 
hours,  as  an  average. 

It  appears  that  lor  these  classes  of  iron  the  effect  of  the  rich- 
ness of  the  ore  is  more  pronounced  than  any  ditfeniice  lietween 
the  grades  of  iron.  To  make  grey  pi,i;-iron  for  foiin.lry  use 
would,  however,  necessit.ite  a  decided  iiicnase  in  ihe  power 
consumption,  as  sh(,wn  m  ihr  t      I,  of  costs  l.y  Mr    (".riinwall 

Correcting  the  ti^uns  ,!iii(  .:,,.'  >.=:;,"  In  tlie  lalio  100,82 
we  get  2,700  and  3.050  K.\  .  h<  jrs,  c-  u  n  .md  0-47  li.p.  \ear, 
as  the  amount  of  electrical  ei  ru  ,  lol.-'  i  ji;  for.norder  to  obtain 
one  ton  of  such  iron  from  a  6i'  ■  ,-  <■;  i  md  a  50  per  cent  iron  ore. 
It  will  be  clear  that,  if  we  ini  hide  the  still  u'.nher  fissures  represent- 
ingthe  cost  of  foundry  irons,  the  elfective  consuinpti.n  of  electr  c.il 
energy  for  a  ton  of  pig-iron  is.  under  pre-eiit  cond  lions,  nearly 
one-half  of  a  horse-power  year.  The  figure  2,400  K.W.  hours. 
given  by  Mr.  tlronwall  in  his  csimiate  for  electric  white  char- 
coal iron  from  a  60  per  cent  ore.  could  be  obtained  from  the 
obser\ed  consumiition  2,200  by  the  use  ol  ilic  factor  IdO  ')(!, 
which  is  possible  under  very  fa\-.iral)le  conditions,  or  from  a 
lower  figure.  2,040  and  the  factor  100  85.  It  may  i-e  nuiuioned 
that  the  best  electrical  etficiencN  .  as  W(  11  as  the  largest  output 
from  a  furnace,  will  be  obtained  by  raising  as  far  as  possible  the 
electrical  input.  The  gr,,de  of  iron  obtaineil  uniler  these  con- 
ditions may  not  be  as  good  as  with  a  lower  power,  .ind  the  life 
of  the  furnace  lining  will  certainly  be  less  riu-e  considera- 
tions should  not  be  forgotten  in  regard  to  the  ek  ctrical  economy 
of  a  furnace,  and  the  figures  quoted  do  n(ji  iieccss.iriK  show 
the  greatest  economy  that  is  ()oss  ble  with  the  l-;iektronietall 
furnaces. 

The  consumption  of  charcoal  is  23  6  to  I^■9?<  111.,  say 
23-8  HI.,  or  53  (heaped)  bushels'  per  ton  of  ^^■hite  pig-iron  from 
60%  ore  at  Domnarf\et  and  Trollhiittan.  .At  Hagfors  from  a 
52%  ore  only  21  HI.  of  charcoal  is  needed,  or  47  i  heaped)  bushels 
per  ton  of  iron.  Taking  the  hectolitre  ol  charcoal  to  weigh 
15  Kg.   iwhen  dryj,   we  have  357  and  315   Kg.   per  ton       Mr. 


'  labh-  ot  weiKhli  ai.d  ! 


.11  end  u'  t(  .-  ft 


'  '"'  ""!■ ipti.iii  III  ,.||  ,,,     ,1    I  , 

M..l.|,l,n,l   nl    .ImiV.mI         l.-nn,  I  V     .      ","■"'      "-'""s    I  hr    ,„,,. 

••"ilir.uiu.  ,,,.,1       II,,.;,     i;  •'"     "•"i|'<'M'l    I.TKcK    „f 

-p.-i-ii..iJ.„'';;i'v'r;r:',r^' '"■ ■  "->•'■■. 

'''-■^-'■-'"-...isn.r:^i  ■';;;•;;;' '•'•;:■'•  ""•— ■ 

t— 'U..!  ,lu.  lar,.  li,,,,,,,,,,,  i,,,,/  „'  '    "'r  ^'•'^'"''-   [^Por-s   r.- 
-"'^^umpiio,,    of   ,.Uh-,..,.1..s.     ,1,,,  ,■„''■'"'    .md, he.  ••„,,•■ 

''-«^-vor.  whid.  is.im.  tn  ,1,.  1        ,  T      "    """"    •'  »<■"•"«■ 

^  .'■'-•--Muou;;.::;i::;;;r^^;-'-'-''-.Nu...i,i,., 

"I  dmrodes.  .,rt-  7.()  Kt-     f.  k"      V  ,  '^""''  '""^"n'Ptioii 

Mr.  (.ronwall  c,no„.  „  K^    ,1.^  ul.i        .  '"  ''  '^«-  '"■'■  ^'>"- 

■'•*•  ••■l.'k.n.nu.tall  funu.  .    w l,"  ^  "■^•!'':'<"'"  "•   -iu'  «as..s    in 

•■-^K.a.......,,j;;;::--;;^a;-^™^^^^^^^ 

Tlic  Kicktrornctail  fimi  ir.>  i,  ,     i 
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entirely  di(T,.n„,  ,|..s,Kn  an-  I.einK  .r„.,|  i„  Swerlcn  an,l  Cali- 
lornu;  ^  '-■  'l"T.f..n..  wry  imvru.Un^  u,  ascertain  tl„.  crt,,  ieru-y 
of  the   Hc.k,ro„u.,all   fur„a<..,   and   ,..  ...nswl.-r   whetlK.  other 

eEmy      """■  "'"      '"  "''"""■''  '"  '^"^^'  ■'  ^''^^"  "'  "  '"^"r 

'Hu-  Kl.ktrnn.,  ..,11  f„r„arr  ,,„..ists  ,-ssor,tialIy  of  a  smtlting 
<    a„.l.c.r.  (or  .  rnnhl..,.  i„  whi.  h  ,h..  charge  is  f.naliy  n.rl,..,l  ,,own 

oe  partly  n.,|„...,|,  l.y  h.-a.  risin,  fro.n  .h,. ,  r.cihh-.  Th,-  heat  is 
a  r,c.,l  up  l.y  ,,asos  pro,|,„-,  ,1  hy  ,he  re.iuction  of  the  ore,  and 
h  s  a,  .on  .s  assisted  l.y  returning  s<,n.e  ^as  from  the  fi.rnaee 
op    o  •^-n.nl.le    so  as  to  increase  the  stream  of  .asc.  up  t^e 

he  shaft  |,„n^;  non-ex,s.en.,  or  very  mu,  h  re<lu.ed  in  si.,-,  and 
there  is  no  an  ulatu.n  of  the  k.iscs. 

The  lar^e  shaft  of  ,h,.   KLktrometaii   furnaee  d..pe„ds  fo. 

n     M       '"'m  ""  '"■  •■"'^•''■'^'■""  "f  I'-  ^:— .  -s  otherwise  the 

onun.s  would  no,   I,,  sufiuien.ly  h.a...,!.  so  that  the  c,uestion 

to  he  nives.iKa,.  ,1  r.^soKos  itself  into  ,he  deurufnlily  of  the  ,«, 

nrrulanon   ,sv.v/.,„.      I)o<.s  ,he  .ireuiation  of   ,he  ,ases  ,  ausc   . 

ar«.  ..nou.h  .xonomy  to  justify  the  c.xp,.nsc.  and  inconvenienre 

of  the  lar^e  sta<  k,  an.l  th..  circulation  aj.paratus  > 

M,.ssrs^    I  c.mer   and    Nystrcim    have    made   elalx.rat,-   ral- 
culat.ons  of  the  c-fhcun.y  of  the  Trollhattan   furnace   for   four 
per.ocls    ranging    from     Nov.    16,    1910,    u,    October    1      1911 
and  the  wnicT  has  made  similar  calculations  for  a  later  period' 

Its""  r  ;         T  '"■  '•"'-•'•'^--  -«■  ^'i-n  in  the  following 
pages,  and  show  the  pe-  •■  of  the  eU-clrical  energy  sutmlied 

t^at  IS  ut.li.cd  for  each  ,  ■     he  reduction  oper::^^    r;^:^ 

•^  lost  in  various  ways.     '1        ,ar>les  show  among  other  things - 

(1)  I  he  heat  utilized  in  the  reduction  of  the  iron,  melting 

operation,  amounts  to  from  63  to  74  per  cent  of  the  whole  eler 
trual  supply;  this  figure  increasing  in  the  later  periods. 

(2)  The  principal  source  of  loss  shown  in  the  table,  is  the  radi- 
ation of  heat  from  the  roof  and  other  parts  of  the  furnace  and 
the  heat  lost  in  the  cooling  water  supplied  to  electrode  holders 
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collars,   and   other   narts      Thoc;-.   i  •    .    , 

table  ^hc^;:;;^;;  ::;^'"'^'i'  'r^^'  ^^'^^-  ^"^  -^^^^  ^°  ^he 

monoxide  "  tic  .  ace  "  ""^  ""^  ^^'"'"^  ^-^^'-^^  ^^  ^^^  -^^t>on 
to  the  grea tes  em  u  t T"^  '  "Y.  "'^'"  ^'^'^  '^^^  ^^^  ^one 
a  hcatlaiue  g  ea  r  tht^  '.^^^^-^f '-^-  ^''^  -Gaining  gas  has 
«meltin,operafion    or  .bo,.     -"  ''    ''^^-^'^"^ents   of   the 

supply.  •     '  *"''""'   "  P*-^"-  '^^"t  of  the  uhole  electrical 

e^canili'V;:  JT""''  '^'''  '"■""*  '""  ^  "^  ''^^  f"^"--   l^V  the 

inthe_;::tr;;:rt:----r^^ 

i  ables  are    published  bv  the   A  R    fi  i  .       '      .. 
the  amount  of  coke    (.  r    u  ,       '       ^^''^ktrometalP  showing 

quired   to   pn  i^ce  on     r        T      '  '""  ''^"  ''''''''^  ^'-SV  - 

aff^cted  bj  r^^  t :: :  s TtiiTT  ^  ^^^^^^^^  -^-  - 

tables  .how  tlr.t  ui'h  ;„  "'■"^''''  ^ases.     The 

^"n...„ofb:^hra;;d=:— ^^^^ 

front  about  8  to  35  ner  ce^t  T  ^^  '  '"  """  ^''*^''  ""^''^^  «■"" 
flux,  as  well  as  on  the  s,'  fP'  '^'"«  ""  ^^e  kind  of  ore  and 
very  little  intrll  1:^^  J^^^-'^-'^t  ^'^-e  is 
absence  of  a„v  circulation  In  .K,  ''""'""'  "^  '^^^  '"  ^he 
Trollhattan  has  ann-tre  X  h  ""  ^''^'''^  ^'^^  ''^"'^'^"^V  at 

.as-circulatio";  geSg^ottnVn  "^Tf  ^'^  ^^^^^^  °^  '^^ 
of  CO.  in  the  ;sCing  gases       '  '""'''  '"^  *'"'  ^^  P"  ^"^ 

^the  CO.  was  10  per  cent  witL;':- ::t:::r^;:r^ 
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with  circulation.  The  writtr  luis  made  such  a  calcuKitiun  - 
simphfied  as  far  as  possible,  hut  ntainiuK  ail  factors  essential 
for  ni'iking  a  fair  com[)ari.ion  between  the  cases.  The  results 
are  given  on  pages  24  to  27and  lhe>  sh<,wthat  the  circulation  of  the 
gases  causes  a  considerable  saving,  which  amounts  (per  ton  of 
iron)  to  35-2  Kg.  of  coke  (11  per  cent  of  the  whole)  and  152 
_K.\V.  hours  (7  per  ceiu  of  the  whole):  but  th.it  the  escq.ing  ^as, 
in  that  case,  is  poorer  in  heating  jmwer  bv  .?40,00()  ( 'als.  (2,5  per 
cent  of  the  whole).  The  heat-value  of  the  cok;.,  and  the  effective 
heating  power  of  the  electrical  encr^^y  saxe.l.  are  together  equal 
to  the  decrease  in  heating  power  of  the  gas. 

Collecting  the  results  of  all  t'le  calculations,  it  appears:— 

(1)  that  without  circulation,  the  escaping  gases  have  a  heat- 
value  about  equal  to  the  net  heat-requirements  of  tl'.e  furnace; 

(2)  that  with  the  gas-circulation,  about  one-fourth  the  value 
of  the  escaping  gas  is  utilized  in  the  furnace,  thu-.  siviiig  about 
11  per  cent  of  the  coke,  and  7  per  cent  of  the  electrical  eiiergv. 

Thus  we  see  that  if  the  escaping  gas.s  could  be  perfecilv 
utilized,  the  furnace  could  be  run  with  a  small  fraction  of  the 
power  that  is  needed  at  present,  and  that  the  circulating  svstem 
only  effects  about  one-fourth  of  the  large  sax  ing  that  is  thJoreti- 
cally  possible. 

If,  instead  of  the  present  shaft,  and  circulation  of  gases,  we 
used  some  system  in  which  the  gases  were  burnt,  an.l  used  to 
heat  the  ore  and  flu.x,  (either  before  or  after  the  admi.x  ure  of 
the  fuel),  it  might  be  possible  to  effect  a  greater  economy  than 
at  present;  but  such  a  system  would,  not  have  a  verv  high  efti- 
ciency— perhaps  50  per  cent  at  the  most-would  be  complicated 
and  bulky,  and  would  consume  the  whole  of  the  gases-. 

Another  alternative  would  be  to  discard  the  gas-circulation 
and  to  consider  the  gases  as  a  by-product,  to  be  used  in  heating 
open-hearth  furnaces  for  turning  the  pig-iron  into  steel.  In  this 
way  the  efficiency  of  the  smelting  furnace  itself  would  appear  to 
be  lower,  but  the  whole  efficienc>-  would  luue  been  raisetl.  The 
gas  produced  in  making  a  ton  of  i.ig-iron  in  the  electric  furnace 
would  almost  sufifice  for  the  production  of  one  ton  of  steel  in  the 
open-hearth   furnace. 
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•ystem.  and  with  the  whole  or  ,v  l?  f^  ^'^  ^'''  c.rculaiing 

are  considered  desirabl l^^the  in^erlf LV'"'i ''  ^'^'^  ^'^^"^^ 
ness  of  construction  or  in  orri.r?  ^""Pl'city  and  cheap- 

of  the  s.nelting  chamir  '"'''"'^  '^''"  ^'^^  ^"^  ^''Pacity 

These  conclusions  mav  he  «i.«„„     •     . 
large  stack  and  circulating  systl  2  "      "°^"'  ^'^  ^^^■ 

of  the  smelting  furnace    but  I        ,  '""■'^''  '^^  ^^''^'^^'^y 

mensurate  with  the  comulic.M  'T  "'  '''''''  '^'''  '^^  --"- 
the  gases  fron,  the  tnac7iutnLTf  '""T"  ^'"^^''^■^=  ^2)  if 
effected  by  the  present  sys'm  ''''"'""'^'"^' ^^^  ^^^'"g 

the  large  stack  of  The  pre  en  ^''°'"'"  '''"  '^^^  ^"•"-'^"^•-  (^) 
serious  hindrance,  when  it  s  de  T''  ^''"^'^'^  ^""«^'^"^-  « 
-e  of  the  unit.  ^  I'Z  ^^Z^Z  lOoT'^^f  ^'  '"^■^^^^^^  ^''^ 
'nstead  of  20  or  30'  and  ^4^    f     f     ^  ''"'  "^  P'g-iron.  daily, 

increase  in  scale  will  prob-iblv  o,-    7"^""^*^  ^^''^  acco.„i,any  an 
by  the  loss  of  the  presj^n  shl^  ""  ""^'  '""'^^  '"'^"-^^ 

the  ^ek:z:L;i  i:^:tn '  ^-^^  '^^  ^^■"^-^-^  ^'- 

commercial  operation  bsl  f  ^'^"'""^^"•^^^•^  its  efficiency  in 
is  still  in  t^::Z::L!:ri'^:;:;;^"'^,i^^Hf-ein  furLce 
where  a  foundry  iron  mu^t  h.         >  ^^hforma,    however, 

HEAT  DISTRIBiniON  I\  TRni  i  ui-r.^ 

viiui>   lA,  TROLLHATTAN  FURNACE 

CALCULATIONS  BV   MESSHS.   LEKKLH8   AND   NVSTR^M 

Series  ,.  Charges  ,-,0.  November  ,6. 19,0-Februao^  li.  19„ 

Ore  mamly  Tuolluvaara  magnetite.     63  5"  Pe  ^       '  ^    "• 

fte-rcm      Open-hearth  13.1  tons  daily       "" 
fe    96.41%  Si       0.34'- 

t^        3-57%  Mn    0.44'; 

nlectrtcai  Supply 

Phase  I   13,731  amp.    65-2  volts 
"     n   13,416       „       65-9       „ 


S   0.012% 
P  0-019% 


1319  Kilowatt* 


Working  time  2009-9  hour*. 
Standing     „       105.7       „     ' 


Total 


2115-6 


19 
ft'.  ONr  TON  or  pir.-iRON. 

^"PP'if'  By  Products. 

1325        Kg.  ore.  too?  Kg.  slag. 

85-3    Kg.  raw  limesf.ne.  7,U  64  Kg.  dry  g.ii^s  at  60'C 

415-70  Kg.  charcwl.  fTT),  l().96';i  CH.  2-4«v| 

0-4>  Kg.  coke.  [to   -g.S'yi      H    6-97Cy 
6-7&  Kg.  ('ItTtriKlrs  —^ 

2296        Ki|i>w.itt  h.ur'- 

HEAT  OI.STRIBUTION. 

Reduction  of  Fi-,  Si,  etc  .   l,()4(l.7Sfi  (  als. 

Oxidation  of  carbon.  '*(W.«,?() 

Net  rt-ducliunof  Fetii  .  l.y  C.       7.51,956  ,  -.l?-*'^ 

Melting  pig-iron <0i.400  .,  18-5' 

Mehingslag 100,000  „                5.^" 

Decomposing  I arbonalcs                  49.134  ..  i.S 

Kvaporat ion  of  water.                       ."53,179  -  >.;' 

Sensible  heat  in  gases                         9,46,?  .,  0-5  ' 

Total  heat  utilised  1246.13.'      „       -  14,S4  K.W.  hrv  -    63  3.U 

loss  in  transformers 42         ^  1  .ot 

n     n  low   tension  conductors 75         ,  <.^j 

"     "  water  cooling 150         ,  ,,.5,," 

n     n   r.idiation  etc.  (by  difference;  574         „  25  00 

Kilowatt  hours  supplied 2296         „  100  00 

Potential  energy  in  gases  1,672.000  Cals  ^1941         ,  84. ^ 

Series  2.    Charges  30-41.     April  9-May  18,  1911, 

Ore  about  5  parts  magnetite  to  3  parts  hematite.     55-9'  I  Ve. 
Pig-iron      Open-hearth    15  1  ions  daily. 

Fe    95-35%  Si       1-00%  S  0  020'^c, 

C        3-52%  Mn     0-89'';  \>  0013% 

Electrical  Supply. 

Phase   I     '3,564  amps.  75  vo!f.  Working  time     851-7  houri. 

»      II     11,817       .       9,i     „  Standing     „         68-3       , 

1717  Kilowatts  Total  ,       920-0      . 


Supplier, 

1 725  •  7  K({.  ore 
48-5  Kt;.  raw  limestune 
''2-5  Kg.  bumf  lime 

306 -7  Kg.  ch.ircoal 

4''9  Kg.  electrodes. 
2481        Kilowaif  hours. 

Reduciinn  of  Ke,  Si,  cir 
Oxidation  of  rarbon 
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FOR  ONE  TON  OF  flG-IRON. 


Hy  Product i. 
455  Kg.  .slag. 
]_^  Kg.  dry  ga.sc.s  at 
<■'>'    8-77';  CM,  .? 
CO    81.57';;      H    6 


64V 

■18';; 

•48':^ 


HKAT  DI.STRIBUTIOV 

1.722,155  Cals. 
882,86,?      , 


Net  reduction  Fe  etc.  by  C.  8J9  202 

Fusion  of  pig-iron mi  scv^ 

j-"-'^"^'^ .:.  li'Z 

ueroniposing  limestone  27  301 

Evaporating  water.  .  3s;,,, 

i»cnsihle  heat  of  gases   ,„  ^^j 


Total  heat  utilized 


-39-460J, 
14-22, 
10-70, 
1-29. 
I -SO, 
0-49, 


1.44S,1.?3 


Transformer  losses. 

Losses  in  low  tension  conductors.  . 

»      "   cooling  water 

-      by  radiation  etc.  (by  dilTerence)   . 

Kilowatt  hours  .supplied 

Potential  energy  in  gases     1 .623,000  Cals. 


=  1686  K.W.  hrs.  =  67  06, 


68 

05 

163 

469 

24SI 

=  1890 


2-74, 

3-83  „ 

6-57, 

18-90, 

10000, 

76-2    , 


Series  3;   Charges  30  and  3,.     April  9.April  20.  ,911. 

Pan  of  series  ii 
Or.  .oaste.1  and  containing  about  1  part  of  Pe.O.to  2  part.of  Fe.0..52.2,^  Pe. 
P^g-iro„     (Jpen-hearth    17 -26  tons  dailv. 

^-       '^•^■6^'.  Si        X.xv- 


C        3-68', 

Eleclnral  Supph 

Phase  I    1 1,022' amp.  81   0  volts 

"      H   10,406      „       88-2     „    ^ 

1680  Kilowatts 


•Mn     l-33rc 


S    0-015',;, 
P  0-012':;, 


W-.rking  time    230-3  hours 
Standing   „  p.g 


Total 


2-iO-l 


wm 


^^" 
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FOR  ONE  TON  or  PIG-IRON. 

■"'"PPI*"  Hyl'r,„iu.n 

1478-5  Kg  roastH  .>rt  <;„s       K's -.Uk 

.«U-4     „  ore  briqut.t.<s  7().>-0  Kg  Hry  ^,,  v  .  .„  ;rc, 

450     ,  raw  limpstotK'  [C(h  20-2< ,   {  W,    i  v"!^ 

V5.2     ,   burnt  lim.-  (■(>  ^xo;   ,       ||     „  •)! 

.'W  S     .   rharrml  ' 

4-99  „  elpriRKlc 
2241        Kilowatt  hiiiirs 

HEAT  DISTItlBlJTION. 
ReHuttioti  of  Fe,  Si,  ere.  ii> 

metal  I,7fs?,K7»     Cah. 

Oxidation  nf  rarboti  1  00-^,246 

RHurtion  of  F(!etr   b\  tarbmi  7f)i  f^2'<  -^OT)'" 

FiiMon  of  pig-iron  »n2,U)ii  ..  fi  77 

»  *'''»g  252. ■:()()  ..  I.!   If,  !! 

Decomposition  of  <arli<inait-,  22, 'Ml  1  ■  70  " 

Evaporation  of  water       .  I2.42>  ..  i|."s    ' 

Sensible  heal  in  gaws   .  11.(4.'  ..  !)(,() 

Total  heat  utilized  l.J6ft,>0,S  .,        -- 15').<  K  W  hf-  71    I?*". 

Losses  in   transforwuTs  f,]  ,,-i 

I.      n      low  tension  roiifluciors   ,  f,n  ..  ;  ,,; 

»      ••     roolinj;  w.iipr  145  ,,  h-v',, 

•.     ..     radiation  cti.  (by  flilferenre I  ?71  .,  Ift-S.S., 

Kilowatt  hours  supplied ,  ..  2  241  Iiid.nn 

Potential  energy  in  gases     1 .424,000  C  .Is.        ^  \  ,6,1.";         „  7,;.8 

Series  4;  Charge  43.     September  .^-October  I.  1911. 

Orf  nearly  all  nugiietite  (unroasled   Tuolluvad...!  l-r  64-8',. 

Pig-iroti      ()|>eii-heaith    19-2  ton     '  lily 

Fe     9S-.S8f;-  Si        0.,?6',  S  d-OOSO', 

<-■        3-64',  .\I„     ().40'-;  \>  0  1)181', 

Rlectruul  Supply 

Phase   I    10,012  amps.  78-7  volts  Working  lime  ')68-.i  hours 

.,        II  9.729     „  ,82  9     „  Standing   .,  ,^8       „ 

1407  Kilowatts  Total  „         (,72  3       ., 
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roil  ONr  TON  OP  pic-imon. 

Supptifs  Py  Produrh 

I.478.?Kk    orr  165  Kg.  hI.ir 

50.7     ,     rnw  liincHtonr  663-7  Kg.  ilry  garics  j;  62 "C. 

MHS     .     charcoal 
5-2     »     cli-ctriHles 
1749        Kilowatt  hours 


Cf),  28')»)'trH,     I   6Q'; 

CO  55  OS',      II    H-.Vr, 

N     0(t7'; 


HEAT  niSTRini  TION. 

Reduction  of  Ke.  Si,  etc.   to 

metal  1.6iO,i4')  Cala. 

Oxidation  of  carbon  947.928      - 


Redlirlion  of  Ke,  eti .  by  >ar 

bon.  672.. U1 

f"u«on  of  piK-iron  .i(K),(10() 

,        ..  slag  75,0(10 

Decompcsition  of  carbon. lies  .54,757 

Evapfiration  ol  water  24  2S1 

Senr'       "eat  in  gases  X,71l 


-i482'-, 

2004   n 

5  01  , 
?  32  , 

1-62  . 
0-58  » 


Total  hc.it  utilized  1,115.072 

Losses  ill  tran^fornicrs  . 

1.       „     low  tension  conductor* 

-       ,     cooling  water 

»       »     I'irculaling  gases 

»       .,     radiation  etc.  (by  diffi   cv 

Kilowatt  hours  supplied 


1  ..■(() IK  Wi.r-     =74 -.59''; 

i  ''0  „ 

1294  „ 

I   02  H 

5-95  » 


4'^0 
51  0 

226-2 
17  s 

1040 

1,7490 


Potential  energy  in  gases  1 ,127,700  Cals  =  1  ,.?12 


10000, 
75  00  , 


HEAT  DISTRIBUTION  IN  TROLLHATTAN  FURNACK. 

CALCULATED    BY     A.    STANSFIF.LD. 

Charges  68  and  69.    April  5-19,  1912. 

Ore  mainly  magnetite.     52  O'";,  Ke. 

Pig-iron      Bessemer   16-4  tons  daily 

Fc    94-247f  Si       0-76  '  r  S      0  ()197'~f 

C        3-52'^,  Mn    l-436';r  P      0-0218% 

PJfctrical  Supply. 

Phase  I      12,613  amp.  771  volts.        Working  time  322-9  hours 
n    II      12,1.?5     ,       77-8     ,  Standing  ,         19-8      n 


1665  Kilowatts 


342-7 


m 


row  ONF.  lov  IX  I'll, -IRON 


I«1J       K«  or. 

''.'        ..      r.iw  limoloiii- 
.«fi9  5     ..     rluno.i! 

♦  •  13  ..  ele<'iii>(li-» 
2445      Kilnwalt  hoiir'^ 


Rcducli'M  uf  Fc,  Si,  i'!r 
()\iilatir)|i  o(  (urbmi 


Hy  '•''■,iuiH 

iS'i  K^.  ,l.i^. 
_SJi'      ■     rlr\  tiiXf^  .tt    ire 
CO.     -'I    V,    f  M,    II  ')'  . 

CO    'if)')' ,       II    11  :■ , 


iif.\r  niMciii    iHiN 

1 ,5H(i,j'r.  (   ,!. 
7.S",'I'M      .. 


ii 
1 


Net  rcluiuoii  ol  If  lu    !>>  ( 
!•  iisioii  of  pig-iroii 

-   -.hg 
UecoiniKjsi'ion  of  cirhniiiii  - 
I%va(>()r.!t!nii  at  \\..ier 


x2\.2i\l 
t(»ii.l|iiii 
.'17  5-1.1 
IM    ;ii,. 

'i.ii5ii 

I   ^.'1    ;iKi 


Total  hc.ii  II  iiunl 
'oss  in  lr,u;>loriinr- 

„     „   1m«  irvisicji  riituluc'iir- 
~    w.iUT  C'.tjlii't; 

,•     »  '  irc-ulaii;itt  g.ic-*  '>.i<7ii(.iU 

n     n  r.i,!ijiti'.!i  {.■■,    ,1)\  f!iiTfr'-ti' 


Kiiowa'i  Hon'.-  ^iijl|)li•  ,1 
Potential  cnerg\  in  ijasrs 


I  ,s'n,5iHi 


''^1   K  U  \u* 

i  I') 

1  To 
"1 


1! 
I>1 

-'145 

^  IS.VS 


(0  1' 

1 1  ; 

In  ! 

I  ' 

(I  ; , 


» '■;. 


1  f 

0  .. 
t  .. 

0 

4  .. 

( 

1  . 

I()0 

0. 

75 

9% 

NflfFs    UN     Kit-KilMV     (M      llxnoNs 

(1)  Kedii'tioii  of  iron,  rti  -  !■!  the  S\vf(li-!i  cilriil.itidiis  thr 
heat  RM|iiirtfi  for  the  "rcdiirtir.i  .:l  the  iron,  silicon,  rtc",  xn- 
responds  lo  the  dissociation  of  tl  •■  ovido  into  ^  •t.d  aid  o\\  „cn, 
as:  Fe.-iC)j  =  J  Fe  +  2  O,..  and  t'-c  tu -t  o,f  oxl  In  ion  of  ilio  i.irijon 
by  oxygen  to  CO  and  CO.,  is  r, nre-entcd  as  a  dftinite  a>s(t. 
just  as  in  .1  hlast-furnare.  xvlun-  the  carhon  i-  oxidi/c!  !  \-  thr 
air-blast.  In  tlie  autliur's  opinion,  ,!  initT  vhw  of  the  i  .iso  is 
given  by  coinhining  these  react 'ons,  and  calcidating  tlic  heat  of 
reduction  of  the  iron  etc.,  by  tbe  carbor.  a~  in  the  eriuation 
Fea  ()4  +  3('   =  3  Fe  4    2  CO   +    CO,.     Th.'  heat  n^qnired  for 
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thi^  rrrinrtion  v.,rir..  of  cotirso.  with  thr  proportion  of  CO  to 
t  ih  ...  thr  r.MiltinK  ^ 's.«.  |,ut  rcpr..«.nts  as  a  rule  about  40 
P«>r  rent  <,f  thf  h.-at  valiu-  of  the  tlt<  triral  supply. 

(2)  EU'ctrual  effiaemy.  Thi-  various  items  of  heat  re- 
quired l.y  ,ho  fur„a. .■  haxe  been  Kr.,u,H.<l  by  the  Swedish  writers 
mto  nercssary^  .terns  c.  the  „ne  hand,  and  fosses  on  the  other 
hand;  the  su„,  „f  the  necessary  items  divided  by  the  whole 
repreM„t,„,^    the    electrieal    etf.cienry      The    division    adopted 

ihTfrn'"  "  '"""'"V/.'"-'''  '■"  ''"■  '"^'  '•'  '^'  ^'""'l''^-  heat  of 
h,   furn.ue  >.ases.      Ih.s  ,s  an  item  that  can  be  varied  by  dif- 

feren.es  „,  the   ..mare  -ksiKP.  ..r  operation,  and  this  item  should, 
therefore,  stand  amongst  the  losses. 

^  (3)  CooUnR  uater  losses.  This  large  element  of  loss  con- 
sists of  two  parts  (1)  the  coolinK  of  electrodes  bv  water- 
rooed  contacts  and  collars;  an,l  (2)  the  water-cooling  of  other 
par  s  of  ,h,.  furnace.  The  water-cooling  of  electrodes  appear, 
to  !„•  an  unavoulable  element  of  loss,  and  Carl  Hering  has 
shown  how  the  loss  can  be  r.dnce.l  to  a  nunimum.  Under  the 
rond,t,ons^,n  the  F!..ktrometall  furnace,  a  loss  of  about  7  per 
cent  of  the  dectncal  supply  ar.r,ears  to  be  inevital^le.  The 
actual  loss  frr.m  this  source  i.  .ihout  10  per  cent  and  the  re- 
mamuiK  .S  per  cent  or  4  per  .ent  (in  the  later  calculations) 
represents  water-.oohnK  of  the  furnace  itself. 

(4)  Th..  charpes  (68  and  69)  selected  for  calculation  by 
the  author,  correspond  with  a  somewhat  higher  electrical  con 
sumpfon  (2.445  K.U'.  hours)  than  was  usuaU^K.ut  th  peri^ 
Th.s  selecfon  was  made,  how.ver.  because  the  con.uuons  re- 
mamed  constant  m  this  case  for  a  reasonable  period,  and  be- 
c3M  "T  ".  ""''^  represented  more  nearly  than  in  other 
cases  the  grade  of  iron  that  would  l.e  required  in  Canada. 

EFFECT  ^'il'/E  GAS  riRCTLATr^^^^  ON  IHE  ECONOMY 
OF  THE  ELLKTRO.METALl.  FURNACE. 

A  calculation  of  the  amount  of  electrical  energy  and  of 
uel  required  for  one  ton  of  pig-iron  (a)  without,  and  (b)  with 
the  circulation  of  the  furnace  gases. 


■.v-«       .  -l  . 
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Assumptions:  ~ 

(1)  Tin-  ore  is  a  niajfiutitc  containing  60  pt  r  tont  of  iron. 

(2)  The  fuel  is  coke  containing  85  per  cent  of  fixed  carUin 

and  15  per  cott  of  ash. 

(3)  The  flux  is  hurnt  lime  and  is  equal  in  amount  to  one- 

fourth  of  the  garguc  from  the  ore.  and  ot;e-fourth 
of  the  a^h  from  th(  roke. 

(4)  The  pig-iron  coiuain.s  96  6  per  cent  Iron,  and  3-4  |)er 

cent  carlK)n. 

(5)  The  elei  tricai  elfu  iency  of  the  furnare  is  78  per  cent. 

(6)  The  furnace  gases  are  by  vciiinie:- 

(a)   W  ithout  ( in  ulatiun,  10  percent  CO,,  90  per  cent  ('O; 
(bi   With  circulation,  25  per  cent  (ik.  75  per  cent  CO.' 
Genrral.     lOOO    Kg.  pig-iron    ...main    ^4    Kg.  carU.n,  and    966 
Kg.  iron.     Thi    re<|uires  lOlO  Kg.  of  magnetite. 

1610  Kg.  n  agnetite  contains:        9f)6  !<(;.  iron. 

it>H  Kg.  DxyjTin   froiabincd  with  inm), 
27<)  Kg.  gaijgue 

1610 

la)  IVithoiU  i.ira,hUion:  ^u  :,-s  contain  10  per  cent  COt,  00  per  cent  CO. 

Th.-  CO.  in  ga^os  contair,s     6o-9  K^.  oxygen  and       2S  ■  1    Kk.  carbon. 
»  *-t)     „       ,  „         M)\    I      „        „         „  jizo 

n  — «.^     i;  ff  jf 

_        .                                      ^68'0      ,        ,          „         2500      „ 
Entering  pig-iron 3.^.q 

Total  carbon  nrtdid     ?ji  i  .q 

Coke  for  rtduction  ^S5  ' ;  carbon.) =   2'>5   Kk 

»       n  carburization »     40 

Total  coke  containing  50  Kg.  of  ash =   ,^.?5 

Gangue  from  ore.  and  coke  ash _    ^y, 

Burnt  lime  (one-fourth  ot  this; \'        „     jj 

Total  slag 40^ 


mm^mm 


HEAT  RK(.n  IREMENTS. 

'>66  K|{.  Ke  from  Fe,(),  =    I  ,557, 10(»  Cils. 

25   1  Kr.  r.irbon  In  CO:  20,^, ,100 

225S  Ku.  c.irbon  Id  ("0 548,694 

Oxidation  of  r.irlmn 751 ,994 

Net  redtn  lion  of  iron  l.y  rarbon 805 .  106      „ 

Fusion  of  imX)  Kg.  pig-iron VK(!o{K)      „ 

ljisi,>nof    407  Kg,  slag >M,SO()      „ 

Evaixiratioii     of     moisture,    and     scn^^ililc 

Ileal  of  gasCs;  assume .(5  000 

1.343,606      „ 

Tilts  requirL-s  (at  "!»';;  etificienry) 

Calorifir  power  of  escaping  gas -=:    1 ,2X0.286  C'als. 


-I.S62  K.U.  hrs. 
2002 


(/))    Will,  crrculattnii:  siases  (ovlnin  J1  per  cent  CO,.  75  permit  CO' 

The  CO,  in  gases  contains:       147-2  Kg.  o.wgen  and       55  2  Kg   cirbon 
"    t<^>    -      -  -■  220S      „        „         , 


36S-0 


165-6 
220-8 


Entering  pig-iron ,4.0 

Total  carbon  needed 254-8 


t  like  for  reduction  (85'7  carbon) 
(  eke  for  carliiirization 

T<ilal  coke  containing  45  Kg.  of  asli 


259  8    Kg. 
40-0     , 


299-8     „ 


<.angue  from  ore,  and  coke  ash. 
Burnt  lime  (one-fourth  of  this) 

I'l'lal  slag 


321 
80 

401 


HEAT  RCQl  IKEMENTS. 

<J66  Kg.  K.-  from  KcjO, 1  .557  .  100  Cils. 


55-2  Kk.  I'.irhiiii  lo  ( X>j 
165-6  Kg.  L.iiboii  to  l"0. 


447.120 
402,408 


Oxidation  of  carljon 84"),.S28 

Net  reduction  ol  iron  b\  carlH)n    707,572 

Fusion  of  1000  Kg.  pig-iron ,?00,000 

Fusion  of    401  Kg.  slag 200,500 

Kv.iporation     of     moisture,    and     sensible 

beat  in  gases;   assume  ,55,000 


1,24,5,072 


This  requires  (at  78';;  elficicncy). 
Calorific  power  of  e.sraping  gas 


1446  K.W.  hra. 
1853 


*».«.»)52  C'al^. 


(( )   Comparison  of  the  two  cases. 

Coke 335  Kg. 

H<)«er  2002  K.W.  hrs. 

lias       1.280.286  Cats. 


2i'  . 


gas. 


2WH  Kg. 
185,?  K.W.  hrs 
').?8,<)52  Cals. 


Difference. 

.15 -2  Kg. 
14Q  K.W.  hrs. 
.m..?.i4  Cals. 


This  shows  that  the  circulation  of  the  Ki»s<"«.  raising  the 
CO,  from  10  7,  to  2B%  will  save  35-2  Kg.  of  coke  and  149  Kilo- 
watt hours  per  ton  of  iron  made,  hut  that  the  furnace  gases  will 
be  ptxjrer  in  heating  power  to  the  extent  of  341,334  Cals.  The 
saving  of  coke  and  electrical  energy  is  made  at  the  ex[)ense  of  the 
heating  power  of  the  furnace  gases. 

The  circulation  of  the  gases  has  enabled  alwut  one-fourth 
of  their  potential  heating  power  to  be  utilized  in  thi'  furnace; 
thus  effecting  an  equivalent  saving  of  coke  and  electrical  energv . 

(d)  The  figures  published  by  the  A  B.  Elektrometall  for 
the  same  assumed  conditions  of  ore,  coke  and  effu  iencv  are:— 


lO'l  gas. 

Coke 332  Kg. 

Power 2020  K.W.  bours 


2g4  Kg. 
1875  K.W.  hours 


Difference. 

3S  Kg. 

145  K  W.  hour! 
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shown  i„  ,lu.  following  tables:-  '"'"'"'  '''''^  '' 

Figures  published  by  the  A  /B.  Elektromelall. 

TABLE  I. 

Consumption  of  Coke. 
Ore  assumed  to  be  FejO,. 
Coke       «       «     hoIcl85%C. 
Pig-iron  "       "     3.4c/  r 

-^^SlfP'^^  Pf  r  ton  iron. 


COi  in  furnace  gas     0%  I     5'- 


_J^  3a5__348       3.2       3.9       306       294^284  1     274 

12-5%'h4h'er"'""""  "'  '"^"•'^•-'  "^^  ^'^  -^e  consumption^ 

TABLE  U. 

Consumption  of  Power. 

^_JElectric  efficiency  of  plant  78%. 

C0>  in  furnace  gas 


When  unburnt  limestone" is  used  the  coke  1^ 
s«mp„on  Win  be  so„ewh«  higher  than  shown  ,' 


1,739  3-71 

1,833  352 

2,073  311 

2,233  2-89 


power  con- 
the  above 
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1 

-a 


M 
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PART  II. 
CONDENSED  REPORT  UNDER  SPECIFIC  HEADS. 

THE  LOCALITIES  WHERE  ELECTRIC  SMELTING  FURNACES  ARE 
IN  COMMERCIAL  OPERATION.  OR  IN  PROCESS  OF  CON- 
STRUCTION. 

The  furnaces  in  commercial  operation  in  Sweden  are  mostly 
of  the  "Elektrometall"  type.  Such  furnaces  are  smelting  iron 
ores  and  concentrates  with  charcoal  at  Domnarfvet,  Hagfors, 
and  Trollhattan.  Additional  furnaces  of  this  t\pc  are  in  course 
of  construction  at  Hagfors  and  Sciderfors.  An  iron-stntlting 
furnace  of  a  modified  Helfenstein  type  is  in  experiment.il  o[)era- 
tion  at  Domnarfvet.  At  Notodden  and  at  Ulefos,  in  No'-way. 
furnaces  of  the  "Tinfos"  type  are  in  commercial  operation! 
smelting  iron  ores  with  cokn  . 

The  number,  style,  and  capacity  of  the  furnaces  is  shown 
in  the  following  list: — 

THE  NUMBER.  STYLE.  AND  CAPACITY  OF  FURNACES. 

1.  At  Domnarfvet,  the  Stora  Kopi^arhergs  Bergslags,  A,B. 
havt  one  Elektrometall  furnace  of  4,000  h.p.  in  coninitrcial 
operation,  producing  about  30  tons  of  charcoal  iron  daily. 
They  have  also  in  experimental  operation  a  modified  Helfens- 
tein furnace  of  5,000  h.p.  or  more:  particulars  of  which  are  not 
available,  at  present. 

2.  At  Soderfors,  the  same  Company  have  one  Elektrometall 
furnace  of  6,000  h.p.  in  course  of  construction. 

3.  At  Hagfors,  the  Uddeholnis  Aktii-bolag  hav.-  three  Elek- 
trometall furnaces,  each  of  3,000  h.p.,  in  commercial  operation, 
each  producing  about  20-25  tons  of  charcoal  iron  daily.  Two 
more  Elektrometall  furnaces  of  4,000  to  5,000 h.p.  lach  .im-  to  be 
built,  and  one  of  these  is  in  course  of  construction. 


.in 

4    \,   j,„;m„„„„.  „„,  |.:i,,i,„„„, ,„, ,,  „,  , 

"  "v'";;";"",7 "' ■ .i.. ,k:^ 

l:f^:;ii;::,;;=l,::i:r;;,=^ 

I'OL  :•',;:,.„  :;,Ti:::::""" ""■ "■- " 

.u."l'i.l..'V';:;;-'^,;;''':,,;i',:'' -''';:''- '■'''■- «™.i" 

■'  '-.M^.     llu  l..l!„ttir.Kl.-i  nl  Innia.vsin  oiht- 

::'v::.,;::r:;;;;L^:;:-  "- ■'■•— '^..^ 

...0.  J.,.' !:::;;;::?;:;•  ^  ^ 

-.   ^^;^"-"— .•lur.,,.,„(,U)oni,,,.  ,|.,nUlinK>) 
v      .M    //(;i;/,)/.v.   ihrfi.   tiiin.uis  ,1    ^  liKi  I,  .      ■ 
■ 'I'-   „,.,.vl,uil,iinK.  ''■^•+""1,,..   ,n„p,r,„o„. 

r    V    •;>'^;;'^'/'''''^''''''''-'''^'--'-'.-»'"Mh..,  ImiUin^ 
■♦•       -^       ^"''«i'//(l".   Oi;,     till-    u-c  ol     >  onf)   I,  .       •  ■ 

•""l""-^.>.O....h.p.,ln.il.ln,K  -"'""'l'-  •"  "FH-nUu.n, 

'    <'"rlurM.u,..h.,vr  l.,vu„MVK.,l.,r„,x.rati..„. 
'  ■     '>    tlu.  tar  nonl,  of  Su..l,  „.  a  la„.  ,>..„  v^nrk..  „,  2.S,()00 
I'  I'  .  ">  tn  Ix-  const riiiic..!  iiniiudiai.  k . 

'  Hb.  NATURE  AM>  ANAI.VMs  OK  ORK  AM)  PRODUCT. 

irun^rL/'T""'-"'-   '.'''   '"^"^'^h"-'   hcn.atitc   Skarning  ore 
H  ,     .  a,„e,,,er,  ,s  „„h,cc1  i„  ,he  Kkktronunall  furnace    wkh 
^ i'ar..ul  and  Huxes.  punlucin^  a  phosplu.ric  pig-iron 

I  lif  ore  contains  60',  of  iron    S''of^;iu...    t(.-     c    .        , 
a"'l  •..uv>  of  sulphur.  ''•  '    '  *^f  phosphorus 

flic  pig-iron  contains  0-5-1   09;,  of  silirn.,    i  (-     f 

'  ^•''»">'  t»««e  •«  In  opemuon  at  on«. 
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Bessemer  slag  is  used  in  the  charge  to  furnish  manRunese. 
a-id  apatite  to  increase  the  amount  of  phosphorus  in  the  pig-iron' 
which  IS  converted  into  steel  by  the  basic  Bessemer  process. 

Non-phosphoric  maRnetite  ores  (afjout  SWy,  iron  in  the 
charge)  are  smelted  (at  present  in  the  Hilfenstein  furnace)  with 
charcoal  to  make  a  high  quality  pig-iron.  This  is  used  in  the 
acul  open-hearth  furnace  to  make  a  high  quality  steel  for  exrKirt. 

2.  At  Soderfors,  a  specially  high  quality  of  iron  has  for  a  long 
time  been  made  in  charcoal  blast-fur.iaces  from  the  Dannemora 
ores;  the  Klektrometail  furnace,  now  in  course  of  (..nstruction, 
is  intended  for  the  production  of  this  special  quality  oi  iron. 

3.  At  Ilagfors,  open-hearth  pig-iron  was  made  containing 
0-5%  silicon,  0-4%  manganese.001S%  phosphorus,  and  0010% 
sulphur;  and  Bessemer  iron  containing  10-  1-2%  silicon, 
2-5— 3-0  %  manganese,  0018%  phosphorus,  and  0005%  to 
traces  of  &i!ij,hur. 

A  charge  for  open-hearth  iron  consisted  of  :— 

38%  Finnmossen  ore 
28%  Taberg  ore 
20%  Tuolluvaara  ore 
4%  Langban  ore 
10%  Nordmark  ore 

jOG       10%  limestone 

This  ore  mixture  (without  the  limestone)  would  contain 
about  57%  of  iron,  0  03%  of  sulphur,  and  0- 007%  of  phosphorus 
The  whole  charge  would  contain  about  52%  of  iron. 

4.  At  Trollhdttan,  a  usual  charge  consists  of:—, 

50%  Tuolluvaara  ore 

34%  Lerbergs  ore 

16%  Lerbergs  concentrate 

too      8%  limestone 

The  ore  mixture  (without  the  limestone)  would  contain 
about  63%  iron,  0-010%  sulphur,  and  0  015%  phosphorus;  and 
th«  whole  charge  about  58%  of  iron. 
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The  pig-iron,  which  is  intended  for  steel-making  by  the 

a^ut^o'T- t  rr^nr^"""  0.05-1%  silicon'(us'ually 
about  O-JSc),  0- 15-0-20%  manganese.  0-O05-0-O15%  sul- 
phur, and  0  020%  phosphorus.  "^ 

ddcr^'  A^  ^'^'f '^^«-  iron  ores  are  smelted  which  contain  about 
44%  of  ,ron    0-025%  of  sulphur,  and  0-022-0-040%  of  phos 
Phorus.     Coke  is  used,  containing  1-2%  of  sulphur  and  0-02% 

aboutT^""",-  '''''^'^  P'^-'^°"  f^""^  ^f^-*^  materials  contair 
about  0-4%  s,l.con,  0-03%  sulphur,  and  0-06%  of  phosphorus 
Grey  p.g.,ron  contains  2-0%  silicon,  0-02%  sulpSur.  and  0  065% 
phosphorus;  wuh  a  larger  proportion  of  lin^estone  the  su^phS 
can  be  further  reduced,  the  iron  containing  1 -0-1-5%  sufcon 
0-08%  phosphorus,  and  0-01%  to  traces  of  sulphur  ' 

THE  COST  OF  THE  ORE. 

The  operating  companies  are  not  prepared  to  publish  exact 
figures  for  the  cost  of  the  ore.  but  Kr.  15  or  S4.00  may  be  taTe^ 
ma  general  way  to  represent  the  cost  per  ton  of  the  stedisl^  o«s 
dehvered  to  the  smelting  plants. 


THE  CONSUMPTION  AND  PRICE  OF  ELECTRIC  ENERGY  CHAB 
COAL  OR  OTHER  FUEL.  FLUXES  AND  ELECTrSSeS. 

1.  At  Domnarfvet,  making  basic  bessemer  iron  from  ohos- 

requires  2.245  K.W.  hours  of  electrical  energy,  costing  in  effect 
about  0-6  ore  (0-16  cents)  per  K.W.  hour;1^;.6  hecLLes  o 
charcoal,  costmg  about  60  ore  (16  cents)  per  HI;   52  Kg    o 
bessemer   slag;  30  Kg.  of  apatite;  and  7-0  Kg.  o    electrodes 
costmg  35  ore  (9  cents)  per  Kg. ;  for  each  ton  of  pig-iron  ' 

■  The  a^oum  of  cun„.ntrate  i.  now  ..-cre^ed  to  27,,  without  .rouble  in  .he  furna.,. 
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Pig-iron  for  use  in  the  arid  opcn-hcarth  furnace,  smelted 
from  ores  containing  only  50^;  of  iron  on  ti.e  charge,  requires 
2.500  to  2.600  K.W.  hours  of  electrical  energy  per  ton  of  iron 

,  nn^l  ^^  i^"^"'''  ""'^  ^''"  "^  ''^'^'^  open-hearth  pig-iron  made  in  a 
3.000  h  p.  Elcktrometall  furnace,  from  a  charge  containing  al>out 
5^%  of  iron,  requires  2,500  K.W.  hours  of  electrical  energy  21 
HI.  of  charcoal.  180  Kg.  of  limestone  and  6  Kg.  of  electrodes 
The  charcoal  costs  75  ore  (20  cents)  per  111.;  the  limestone  Kr.  5. 
(51.35)  per  ton  and  the  electrodes  30  ore  (8  cents)  per  Kg. 

For  making  one  ton  of  acid  bcssemer  iron.  2.600—2  800  K  W 
hours  of  electrical  energy  and  21  HI.  of  charco.d  are  needed-  the" 
electrode  consumption  is  about  8  Kg. 

_     3.  At  Trollhattan,  for  making  one  ton  of  acid  open-hearth 
p.g-.ron  m  the  Elcktrometall  furnace,  from  a  charge  containing 
58 /o  of  iron,   there  was  required,  during  the  vear   1913.  2  116 
K.VV.  hours  of  electrical  energy.  23-95  HI.  of  charcoal,  137  Kg 
of  limestone  and  4.64  Kg.  of  electrodes. 

4.  At  Notodden,  in  a  1,600  h.p.  Tinfos  furnace,  one  ton  of 
white  pig-iron,  smelted  with  coke  from  a  charge  containing  44^^ 
of  iron,  requires  2.800  K.W.  hours  of  electrical  energy.     One  ton 

,  nnn  ^  «^"'[°"'  ^'■°'"  ^  '^^^'^'^  containing  39^,  of  iron,  requires 
J, 000  K.W.  hours  of  electrical  energy. 

The  cost  of  electrical  energy  is  a  point  of  great  importance 
in  relation  to  the  commercial  operation  of  electric  smelting  fur- 
naces, but  such  data  are  not  always  available  for  publication 
The  cost  of  power  to  the  iron-smelting  companies  in  Sweden 
may  be  taken  in  a  general  way  to  be  from  Kr.  25  to  Kr  45  (S7- 
«12)  per  h.p.  year,  or  Kr.  33  to  Kr.  60  (S9-S16)  per  K.W.  year- 
such  payment  referring  to  the  maximum  amount  that  can  be' 
drawn  from  the  high  tension  supply  line, 

THE  NUMBER  OF  MEN  EMPLOYED  AND  THEIR  WAGES. 

An  electric  smelting  plant,  consisting  of  one  Elcktrometall 
furnace  as  at  Trollhattan.  will  need  the  services  of  some  25  or 
30  men.  This  includes  the  foreman,  the  furnace  men,  the  men 
employed  in  crushing  and  bringing  up  the  ore  and  in  bringing 
up  the  charcoal,  men  for  removing  the  iron  and  slag  and  for  load- 
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and  will  „,ake  a  charge  of  1^^^^^^  f?^'^  '  ^^'''^  P«^  day 

At  Hagfors,  three  3^h.    f      ^^^'^^^  "^^  *°"  °^ ''°"' 
n.en  who  are  paid  aS^ut  4T44  ore  iuT.  T  T"^^'  ""'  '« 
eight  hours  daily  in  most  ca   °      TK         •'I'^f  *'°"''  *°^'^'"8 
higher  wages  of  foremr^-n  .'"'  *"^  ^""^^'^  ^"^  the 

of  iron.  ""'"  ^^'^  '"^^"  ^bo"t  Kr.  3  ($0.80)  per  ton 

i6  n,e:  a^rrS  t?tTe  T^  ^7^  '''  ^^^  ^ ^' 
12-hour  shifts  -TnH  .r,  t  :  P-  ^"'■"'''^e.  the  men  working 

S1.35)  a  day      This  is  en' '^"'  ^"  ''"  ^°  ^^-  ^^O  (^^-^O-^ 
ton  of  iron  '''"'^    ''"*  ^°  ^^"»  Kr.  3.00  ($0.80)  per 

THE  COST  OF  PLANT  AND  UPKEEP. 

th  J^UZnlllLn^r:^^^^^^^^^^^  ^-'*^"«  P'-^  o^ 

Kr.  .^00,000.  ($80,000)  per  fumac;  "•^-  "  '"''""^'''^ ''' 

fur  retiirglrcrtdble"  "j'^^^P  ^?-^«  '-^ely  on  the  need 
the  shaft,  an'd  hrde^nds'to  sT  °'  '''  '""^^^  ^"'  ^^''"'"^ 
product,  a  furnace  ZZiJL^ZT"'  "V"'  "^^""  "^ ^^^ 
iron  than  when  grev  rrLT  k^-  '°"P'  *^""  '"^'^"8  white 
uf  Kr.  12.000  ($3.?50)  ^r  year  ^on'f '  "^^  ^^^'^^^  '^^'^^^^ 
for  repairs  and  upkeep  '  ^""'"'"  ""^^  '^  **  d°*" 

The  Jabour  cct  at  Tn-tHhn 
Und  does  HOC  inuude  electrician.  bUc..»"tl^p^'':,  ^rd^^r^e^T  ""'  '"""""  °'*™'"'" 
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PART  III. 

DETAILKD  ACCOl  NTS  OF  SOMF.   ELE(-TRIC-  SMELT- 
ING PLANTS  AND  ELtCTRIC  STEEL-MAKIX(; 
FURNACES  IN  SWEDEN  AND  NORWAY. 

ELECTRIC  SMELTING  PLANT  AT  DOMNARFVET. 

The  electric  smelting  plant  of  the  Stora  KopparherRs 
Bergslags  A/B.  at  Domnarfvet.  contains  one  Elektronietall 
furnace  of  4,000  h.p.,  which  has  been  in  operation  since  Novem- 
ber 1911 ;  one  modified  Helfenstein  furnace  of  5,000  h.p.  or  more; 
and  one  Helfenstein  ferro-silicon  furnace  of  7,000  h.p.  It  was  at 
this  plant  that  the  Elektrometall  furnace  was  originated,  and  the 
early  furnaces  have  been  fully  described  by  Dr.  Haanel.'  The 
present  Elektrometall  furnace  was  built  after  the  3,000  h.p. 
furnace  at  Trollhattan  and  embodies  the  exfx^rience  gained 
with  that  furnace.  On  account  of  its  large  size  the  furnace  at 
Domnarfvet  is  provided  with  six  electrodes  and  utilizes  three- 
phase  current. 

A    report   follows  of   the   operation    of   this   furnace    from 
July  22,  1913,  until  the  time  of  my  visit  in  June,  1914. 

Report  on  the  4,000  h.p.  Elektrometall  Furnace  at  Dom- 
narfvet from  7  p.m.,  July  22, 1913,  to  noon,  Jun?  ^' 

_      ,    .  hours  days 

];?""""f              815.?     ..   ,m.7 

Time  of  operation 75^2  314 -2 

Holidays  (Christmas  and  Midsummer) 239  (00 

Other  lost  time i72  c.  c 

Total  lost  time ^jj  2S.S 

Lost  time  as  percentage  of  whole  7-5% 

'  Dl.  Eugene  Haanel;  -Report  on  tlie  invrMigaiicin  of  .iii  Elprtr'i.il  s'hI'  Fiirnai  r  Don- 
narfvrt.     Sweden."     Ott.iwa.    iwo. 

Dr.  EnKere  Haar.el:  -Rc-cv.l.  advar.os  in  the  conatriK  t.on  of  l-,i.-,.n.-  HurnaLV,  f„r  the 
production  of  PiB  Iron,  Steel,  and  Zinc    '     Ottawa.  1910. 
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MATtRIALS   SMELTtO. 


Skarning  orp  Total 

HesseiiiLrsldg..    !.  '•'.597,550  /Tj. 

Apatite ^62,440 

272,640     ." 

M, 332, 6J0 


Per  Ion  pig. 

iron. 
1.516  JTj. 
52     .. 
30    „ 

1.598     .. 


23-6  HI. 

351  Kg. 

6-91  Kg. 


"        J'  15  Kg.  per  111...  ,   fc     ,.      "• 

tlectrtj,ies,  gross. .  -'.  151 ,575  Kg. 

61.950  Kg. 

Electric  energy 

''"•'38.000K.VV.hrs.    2.245  K.W.h«. 

Average  ,oad.,„ri„g  working  ,., 

•       ■       whole  time. . .  ,""  ^^     -'2%  full  load. 

(Kull  load  taken  as      2<)Q0   Kw      .«.„",,  '     " 
''•^""  K.W.-3940  E.H.P.) 

Ihomas  pig-iron  produced 

per  worki.'.g  day. 8.968,000  Kg. 


»       per  total  day. 

»       per  h.p.  year  utilized... 

"^on.o"     '        "    paid  for.. 

(8.968  tons  in  3J9.7  day,  using  .::. 3, 


940    h.p.) 


28  •  5  tons. 
26-4      , 
2-87      , 

2-44  . 


''''^'''"«  O"  CHARGE  A.VD   PRODtVr 

Skarmng  ore  from  Cransesberg. 


FesO,. 
(Fe... 

P 

SiO,  , . 


.86% 

•   1% 
.  5% 


P.. 
Mn 

Si 


Thorn     Pig-iron. 
2 


/o 
'  /o 


Bessemer  She. 

Si? f% 

'-■eO.CaO.Al.O.: ...... -20% 


Fe. 
P  . 


Apatite. 


S 0-5-1.0% 

C 0-010% 

Fe  (by  difierence) 92  - 67  '   " 

Charcoal. 

^I'^'^l"'^^ 10-14% 

f..xed  carbon 60-70% 

\olatile  matter 20-25% 

^*^ 0-5% 


.30% 
-  6% 
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KLECTRIC  FURNACES  AT  IIAGFORS 

from  50  to  100  vol...  '        '"'''''  '"'«'•  '»i"e 

1.000  K.V.A.  capacity,  ,ach  transtormcr  htire  c.,„,,r,i^    T„ 
^.r  of  .lectrode.  situated  o„  „„e  d,„,„,„  ^X^™^^^^^^^ 

other  two  pairs  of  electrode.     Th  ,      *''  "'  ''"^''  »'  "» 

to  be  0-95  to  0  97     The  .,    ,  "  '■'""'■'  "^°=  *' ''  <'»•"' 

.irh.ni„,ar;c?e,:!a„d'pror;t:.;cir;:7'"' •'['"'■;»'* 

one,  a„>,  transformer  th'at  ^i^h,  bcr.c  dcfeth:  '"'■ '"  '  """ 

ihe  three  furnaces,  shown  in  Plates  III    IV  V   -,n,l  VT 
conta,ned  in  one  building,  which  is  divided  i'no  "tire  "    ys  ':;: 
bay  be.ng  for  the  transformers  and  electrical  instruments  one  fo 

d^di^TS'  ''''-''''  ^^  -^--^  ^-  ^he  fu^iaces'b^a 

'The  first  fuinacM  were  cnnmrurt-d  s,   ;hr  Klrktrom,f,n   r 
4  furnace,  have  Ix-rn  h„,),  bv  thr  Lddel  „]r  ,  r,  ,         Tompar:.    but  :„.  .<  »„d  No 

<>n»in«J  d«iin,.  -ortiftr,!  ,n  ».v.ral  „:  jKirlan,    r.arr„„lar.  f,on.  tlir 


The  molten  iron  can  br  c.  -t  .i  open  iron  pig-mould«   or 

Zn7:     TH^T'^'''    r-'^'  ^      urnace,or'F4«e,n.r;o: 
vertem.     The  slag  m  poure.1  mto  n.r  '  .,.  and  has  been  used  for 

olteinTf       ''^''^'^"'      ^         -  tappc-d  fro.  the  lie 
openme  m  the  furnace,  an/  art  .  j.^ra    d  by  a  skimmer. 

hearthTnl'lnTlr^'  '"  ''         -., .  ,.r  u.i„  .he  acido^.. 

Ji''"'"                  0.5%             :V       orus         0.01S''{ 
ManRanese,         0-4%  Srlj  nn. oniO<:; 

It  is  partly  grey,  and  parrlvv'.iti,.,,  r:,r    r,M     e      Anore 
charge  for  making  this  iron  o       .,    „■:■ 

•'8%  Finnr.f  ts*.n  f 

28%  Taberg  ore 

20%  Tuolhi    .arn   .ro 

*%  Langban  ore 

|0% .  Nordrnark  ore 

[00       tO%  limestone 

ton  of  tht  ,K^-.ron  needs  2.200-2.500  K.W.  hours.  .,nd  21  h,  cto- 

wS'  "Vh   ^  "'''^  '• '^'^'f  ''  ^'^"°^'  "^^'^^  f--  P'-  -'•  fi^ 
^lujn  ™"s"'"Pt'""  of  electrodes  is  about  6  Kg.  per  to,, 

Pig-iron  for  use  in  the  Bessemer  converter  contains  :- 

Silicon i.o_i.2% 

Manganese 3.0—2.5^ 

Phosphorus 0  018% 

Su'Phur  0  005%  to  trace. 

nr.J^^  "/^-^harge    for  this  iron  is  a  little  dififerent  from  .he 
previous  charge,  an.l  includes  some  manganiferous  ores,  to  fun  ish 

ZuulZl  ri'r^  '''''  ^'^^^°^'  "-^  '^  21  hectolitres 
or  47  (heaped)  bushels  per  ton  of  pig-iron,  and  the  electric  energv 
amounts  to  2.600-2,800  K.W.  hours  per  ton.  The  elec^rX 
consumption  .s  about  8  kilograms  per  ton  of  iron. 

oo.n  K  ^Tk"^'  ''^"^'  °"*P"'  ^^  ^"^"^^^  '^  ^ho"t  23  tons  of 
open-hearth  iron,  or  20  tons  of  Bessemer  iron. 
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The  rirculation  of  the  r^^^s  in  thf  FJektrometall  furrarw  l^i 
ver>  important  ir.  \  itw  of  fm  I  economy,  as  it  r.iusts  tlu-  escaping 
gOMS  to  contain  a  lur^tr  p»  rcentage  of  LX\  This  has  tlu  further 
efTrct  of  incnasinR  (he  con-iiniplion  of  the  elect r(«l(>.  I  ut  this 
is  less  important  financially  than  the  saving  in  fuel.  Thus  at 
HaKforn,  with  a  rapid  cinul.ition  of  Kases.  which  con-rfiuently 
contain  as  much  as  2176-26' ;  of  CO,,  the  charcoal  conjt.impti.in 
is  21-22  hectolitres,  and  the  dectroiles  joss  is  6  K^;.  At  Trull- 
hattan  with  a  similar  charj;*',  Init  less  active  circulation,  and  lower 
ptrcentaRc  of  COj,  the  fiu  I  (onsumpiion  is  from  24  25  hecto- 
litres of  charcoal,  and  the  elcctro<le  consumption  is  only  .?  Kg 
per  ton  The  Hitference  of  .^  hectolitres  ol  charcoal  means  a 
saving  of  Kr.  2  25  (60  centv)  per  ton,  c.iused  by  th.>  more  rapid 
circulation;  while  the  (liflereiice  of  ,<  K^.  of  electr(Kl<»  means  a 
loss  of  90  (ire  (24  (ent^;.  On  the  other  hand,  the  more  raf.id 
circul.'fion  will  co»t  tnore  to  maintain,  and  will  U-  more  flifficu'.t 
with  powdery  ores,  and  the  gas  from  the  funi.vce  will  be  of  less 
value  for  use  in  ofien-hearth  '<r  other  furnaces. 

The  p.ts  at  Hagfors  has  a  calorific  power  of  aUmf   2,}00 
Cal.  per  cubic  metre,  and  is  u.scd  in  the  o[xn-hearth  furnaces. 


.i!>ouf  90  ci-nts),  j>er  ton 


Its  value  is  about  Kr.  A  to  Kr.  ,?  50 
of  pigirnn. 

The  labour  at  Hagfors  i>.  usually  arranged  in  three  shifts 
of  six  hours  each.  That  is  ear  ii  shift  <  f  men  work  tor  si\  hours 
and  rest  for  twelve  hours.  The  follow  ing  are  needed  for  operat- 
ing the  three  furnaces: — 


ft   for  tapr'r  ;,  \ffr  6  hour  shift,  at  14  flrp  per  hour 

■^     I.  furt  uf  top,  per  (t  hour  shift,  at  JtOre  per  hour. 

2     .   fharroal  house,  per  6  hour  -hift,  at   i  '  Ore  jier  hour  and   I 

extra  by  day 

i      •    iru-shing,  f>er  H  hour  shif».  at  42  6re  per  hour        . 
\      -   foreman,  per  b  hour  shift,  .a  Kr.  140  per  ri  ..nth. 


ToUtl 
S  umber 

0 

7 

8 
3 


4.S 


Ir  ^egar^  to  the  repairs  nccessar>-  for  these  furnaces.  <  ne 
has  been  in  peration  for  \\  years,  and  may  last  for  2  or  3  years, 
but  a  new  -»rch  for  the  crucil  ie  is  needed  after  ahoxix  8  months. 
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RIECTRIC  SMELTING  FURNACE  AT  TROLLHXTTAN. 

After  th,-  successful  cMu-rinuntal  work  at  the  I)„n,narfvet 
l^orks.  .luriPK  t  u-  years  1000  an.l  1010,  the  Association  of  Swedish 
roi,,,, asters,     J.  rnko.Uoref,  constructed  a  furnace  of  2.500- 
.^,00()  h.i).  at    Irollhiittan. 

'Ih is  furnace  was  started  in  November  1010.  and  was 
<||Hrat,.,l  for  experinu-ntal  tests  .luring  the  years  1011  and  1012- 
<I|ta.Is  of  these  tests  are  ^iven  in  the  reports  of  J.  A.  I.eftier  and 
...lurs,  n.  the  years  1011  and  1013.  C>n  the  conchasion  of  thesc- 
U'sts  the  furnace  was  taken  over  I,y  the  Stromsnas  Jemverks 
A, »  and  has  U-en  ofxrated  commercially  by  them  since  OctolM^r 
I  '12.     Views  of  this  furnace  are  given  in  Plates  I  and  II. 

A  (:etc:il.  d  report  for  the  year  1013  is  appended. 

Report  of  the  3.000  h.p.  Elektrometall  Furnace  at  Troll- 
hattan.  for  the  year  1913. 


MATERIALS   SMBLTRD. 

Kiruna  A  orr  fCiiograms 

T,„.n,  .  1,023,080 

ruolluvaara  ore .   7ix  r.c 

I..tIhtr.s  „  4,738,8.S5 

Ta.H.r«s  *y>'^ 

7,820 

'-"'""      •    Q,381,980 

l.rbrrKs  roncentrate ?  jui   osc 

JVr.slM.rKs        „  2.(H1,08.S 

140,590 

Concentrate.  19",'  „f  „re Tl^ 

Total  ore.  ii    ?a.    rcc 

Li.neM„„e,8.6'v.fore :;::::::::::;:::  j i;;;;;;^ 

'^"'•'"""''"' iT^i^ 


Kg.  per  Inn 
of  iron 


1,279 


299 


1.578 
136 

1.714 
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Ptr  tim 
I'flfl  of  irtm 

Chamial,  27.019charKosof  6  5  III  17.S,62.UII  .',<  ')5  HI. 

if  I  HI.  -  15  Kg.  2, 634, 35.";  Kk        .«.'''»  2    K'k 

(Total  burden  |)er  luTlolitre  of  rhan.Kil     71-55  Kt{.) 
Elec-troile  consumption,  gross  34.(U')Kk.  IMKl: 

•  "  not  .«)..U.6Kk.  4    14  K,; 

(More  reteni  figuris  are  about  .<  K^.  |>er  ton,  i{r(»,s  or  net  ) 


KLECTRIC  POWER  CON.SI  MmON. 


Time  of   o(x-ration 
>•      -     Mop|)age.s 


7')70  6  hour-,  '>1'„  of  whole 

7K'»  4       ,  9'^       . 


Total  limp  K7fto 

Kilowatt  hours,  iu'ludinK  motors  and  linlils 
K.W.  hours  for  furnace  alone,  |ht  ton  of  iron 


Average  loiid  while  working-    whole  pl.nit 

"  <•        <•  ..  furnace  onlj 

••    over  whole  time,  whole  plant 

"  "        "  »         n      furn.ice  only 

The  eoMihined  capa.  ily  of  the  tran-formers  is  2,  2(K(  K  VV..  or  ,<,(»ti.,  ii.p. 
Each  electrmle  is  esu.illy  loiide<l  with  5(Xt  K.W.  or  2.(K)0  K.W.,  for  the  whole 

furnace. 


ri'"tal  I5.H.<S..>.5(I 

{ I'er  Ion  of  iron  2,  IMl 

2.110 

',  of  2.21)0 

I.'XIOKW  '«).5 

l.'M5     .  SS-4 

I  .  KOS     .  82-2 

1.770     .  80-4 


OUTPUT   or   PI(;.|RON. 

Total  output,  1,511  tappings.  7..V<.?,<)<>5  Kg. 

6'^^'roftheore;   SS-.IO--;  ofihrlnirden. 
Daily  output,  for  the  whole  time,  20  (IS  tons 

loi  working  time,  22  (15  tons. 
Output  per  h.p.  year  ([xiwer  us.<l  |..r  whole  plant  i  2  ')«  ions. 
"  "  1.     (     •.  ..     „    liirn.ice  onl\  )  .?()5  tons 

Output    per  h.p.   year  ((lower  ixiid   (or,  for  whole  plant)    -    7 ,  <  14    +    .1.000 

=  2-44  tons. 
The  iror  contains:— Silicon  (I  (15     I   (C  ,   (usually  0  .V  ,  ) 
Manganese  0I5-fl- 20'};;   Sulphur  ((•(K)5-  Oois',,  ;    l'h.«.phorus  0020%. 

NoTK.     During  the  time  cox, ,.,!  In  this  reix.rt  the  furna.  e  was  allowed 
(o  cool,  the  hearth  and  roof  were  relined,  and  the  furnace  wa.  reheated 
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tlescriljcd  as  the  Bie  LarcJlZf     ^     f    '^"^°"-     ^^  '«  °^ten 
the  furnace  now  i^.  "  r"'""'  """^  '^''^  '^  '"'^^^^^'^t.  as 

of  that  .•n^ented  by  Han    S  "l     '""'"  *'^  ^"^"*'^'  ^^^^^^^^ 
by  Pat,l  Nicou         '  ^"  ^°''^"^^^"'  ^'''^h  is  also  dgured 

s..cJng%I:rh"  ;TS%)T"^'^"^  °^  ^  •-«  -tanguW 
becldedln  the  bo  torn  W  i,o  "'  °"'  T^"  -'ectrode  B  em- 
ing  through  the  top  ore  nf  tV''""''  '^'^''  '^'"''^'^  ^"t^^" 
.nixture.  a.ns  ting  of  ore  it  1^  '''.'"T  ^*  ^^  '^'^^  -- 
nace   through    two  1    :;ircrte:1  a"d  e^"l^^^^^ 

I  and  C.  extendi^g^Ctn^rr JtThe^^^^^^^^^ 

same  pole  of  the  elorfruoi  .  .       ''"  connected  to  the 

is  connected  to  the  o th  IT '''  T^  ''''  '°"°'"  ^'^^*^°<J-  B 
employed.  In  order  to  utiK^^th  th  ^'"'If"'"^  "'^^^"^  " 
furnaces  are  operated  tog"  ther    'pac.f "''"'"  '"^P'^'  ^'^^^ 

1.600  E.H.P.  at  about  .3;T;5':;-,,Xd:r  ^"^'^^^  ^^"* 

the  sl'n^Ts'rHaatl  H.t',:1  '''"^°^^"™-  «  -bstantially 
in  Dr.  Haanell  Re;t"^,907l^  '""^*-*-' 

Ste.  Marie.     The  up^r  dmJoH^  ^,^P^"'"^"ts  at  Sault 

in  the  middle  of  eiX        n  a"e  ^nd^b^ 
supply  the  ore  ch^JJ-  *'*''"^''"  ^^'^^  ^''"t"  ^hich 

'  '•'■•""'■1  H'roult   L'iwtric  furt-.r-     -u 
-N.  w  ',  urfc    i-ju.  ,,  iLi"  '  '   '"'  ""'"-'■'•"!■.  n:."ration  ami  uses,''  by  Alfr->.1  Siansfie!,!.  D.S--. 
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construction  between  the  two  furnaces  def-ends  on  ,he  f..c  i  thnt 
the  Haanel-Heroult  furn.ue  has  o„lv  ..ne  upper  d-etr.    e   t 


ha-  consequently  a  nearly  circular  crucible  or  .snielti 


ng  chamber 


S'XTIONAL  PLAN  ON  *-B 


StCTIONA..   tLCVAriOH  ON   (,    0 

f^ij;-  i.      !lir  Tiii,,.  fi,rn:i,. 


While  the  Tinfos  furrace  has  three  upper  electrodes  and  a  long 
re' -angular  smelung  chamber.     The   length   of   this   chambe^ 


BT.-r. .     W*..  .Vj.r  ■^«i«'^K5i::.-'  .  ■?..=  Sff" MtSri.'^fiimS.     ~>    t'»»'>!?156,'&!aif*Sr 


"i.:»?«5rB. 
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has  led  to  the  ;ise  of  the  two  water-cooled  beams  for  supporting 
the  roof  of  the  Ttrifos  furnace,  while  in  the  Haanel-H^roult 
furnace  the  same  purjxise  is  served  by  a  simple  arch  of  brickwork. 
The  folk  iving  particulars,  showing  the  operation  of  the 
Tinfos  furnace,  have  been  condensed  by  the  writer  from  a  report 
published  by  the  Tinfos  Jemverk  A/S. 


ORES    USED. 

1    evinde  Wedtls  Crube  Lango. 

2 44.20% 

iO, 11-04, 

CaO 9-16, 

MgO 1.27, 

Fru  Ankers  Grube  Lango. 

Fe 44-30% 

SiO, 19-22, 

CaO 8-01  „ 

MgO S-62, 

Coke. 

Ash.  8-64'';;  S,  1-20%;  P,  0-020%. 

Limestone. 

SiOj 5-50% 

CaO 51-72, 

FURNACE  NO.  3,  MARCH.  12  to  14.  HIJ. 

Product    White  pig-iron;  2,800  K.W.  hours  per  ton. 
C  irge     Grevinde  Wedels  Grube  300  Kg. 
Fru  Ankers  Grube  100    , 


AljO, S-72  % 

Mn 0-12    , 

P 0041, 

S 0-026, 

AljO, 3-38  % 

Mn 018    , 

P 0-022, 

S 0-021  , 


Al,0,  -I-  Fe.O, 1-20% 

S 0-06, 


Coke 


DaU 
12-3-13 


13-3-13 


14-3-13 


Tap 

26.  . 

27. 

28.. 

29. 

30.. 

31.. 

32.. 

a.. 

34.. 


75     , 
Record. 

Si. 


Kg.          C.            Si.         Mn.             P.  S. 

•3310 0-47 0-038 

3250 0-36 -027 

3190 0-44.  . .  .009 0060 -014 

2239... 3-79 .028 

.3209.       3-27.... 0-39 020 

.2587.  . .  .3-29.  . .  .0-28 -034 

.3024     ..3-22... 0-28...     10 0-065 -041 

2900 0-60 .025 

3020 0-68 -005 

26729 

8910  daily 
2970  per  Up 
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FURNACE  NO.  3,  MARCH,  IT  to  M,  1*14. 

Product    Grey  pig-iron  2,950  K.VV.  hours  ptT  ton. 
Charge     Fru  Ankers  Cirube  400  Kg. 
Limestone  SO     ,. 

Coke  70     , 

Summarized  Record. 

Taps  No.  300  to  308  gave  26,781  Kg.  of  pig,  which  is  equal  to  2,976  Kg. 
per  tap.     The  average  analysis  was  about: — 
C.  3-15%:  Si,  20%,  Mn,  0-2%;  P,  006S^' ;  S,  0015—0030%. 

PURN/.CE  NO.  3,  APRIL  2«,  to  MAY  4,  I«I4. 

Product    Grey  pig-iron  3,010  K.W.  hours  per  ton. 
Charge     Grevinde  Wedels  Grube  200  Kg. 

Fru  Ankers  Grube  200     . 

Limestone  70     » 

Coke  76     » 

Summarited  Record. 

Taps  No.  815  to  826  gave  35.806  Kg.  of  pig.  which  is  equal  to  2,984  Kg. 
per  tap.     The  average  analysis  was  about  .^ 
Si,  1-0— 1-5%;  Mn.  OOS— 010%;  P,  008';;  S.  tr.  to001%. 

The  Tinfos  furnace  differs  from  the  Elektrometall  furnace 
in  having  the  electrodes  placed  in  the  middle,  and  the  ore  sup- 
plied laterally:  an  arrangement  which  appears  to  faNour  economy 
of  heat.  The  fundamental  difficulty  of  supporting  the  roof  of 
such  a  furnace  appears  to  have  been  met  in  a  satisfactory  manner. 

In  the  Tinfos  furnace  the  gases  pass  up  the  chutes,  thus 
heating  the  ore  charge  to  some  extent,  but  no  circulation  is 
used,  and  the  gases  are  not  employed  at  present  in  any  way 
outside  the  furnace.  In  a  furnace  of  this  type,  like  the  Hel- 
fenstein  furnace,  it  would  be  necessary  to  determine  the  value 
of  the  escaping  gases  for  use  outside  the  furnace,  before  its 
efficiency  could  be  compared  with  that  of  the  Elektrometall 
furnace,  in  which  the  gases  are  utilized  to  a  greater  extent  within 
the  furnace. 

The  furnace  is  interesting  also,  because  coke  is  used  instead 
of  charcoal  as  a  reducing  reagent.  For  obtaining  a  large  out- 
put of  pig-iron  of  moderate  quality,  it  will  often  happen  that 
coke  is  preferable  to  charcoal,  on  account  of  its  cheapness,  and 
greater  abundance.  The  Elektrometall  furnace  has,  so  far, 
not  proved  satisfactury  when  using  coke,  and  this  adds  interest 
to  any  furnace  in  which  coke  can  be  employed. 
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The  published  analyses  show  that  with  coke  containing 
1-2%  sulphur,  white  pig-iron  was  obtained  having  003%  sul- 
phur, without  the  use  of  any  limestone  in  the  charge.  When 
making  grey  pig-iron  the  sulphur  was  reduced  to  0  027o  and 
001%,  according  to  the  amount  of  limestone  employed.  The 
management  inform  me  that  the  sulphur  can  be  kept  down  to 
traces— that  is  to  say  under  0-01%— but  of  course  this  increases 
the  cost,  as  more  limestone  must  be  employed. 

The  data  quoted  above  are  not  full  enough  to  allow  a 
satisfactory  comparison  to  be  made  with  the  records  of  the 
Elektrometall  furnaces,  but  this  is  of  less  consequence  as  the 
conditions  are  so  different  in  the  two  cases.  The  Tinfos  fur- 
nace uses  poorer  ores,  coke  instead  of  charcoal,  and  less  total 
power,  so  that  no  useful  comparison  can  be  made. 

The  Tinfos  furnace  differs  essentially  from  both  the  Elektro- 
metall   and    the    Helfenstein    furnaces,    in    using    single-phase 
mstead  of  two  or  three-phase  current.     It   follows  from  this, 
that  all  the  electric  current  entering  by  the  upper  electrodes, 
must   pass  down  through   the  charge  into  the  molten  metal, 
and  out  by  the  bottom  electrode.     In  the  other  furnaces  the 
current  enters,   and   leaves  by  the  upper  electrodes,   and   no 
connexion  need  be  made  to  the  bottom  of  the  furnace.     Fear 
has  been  expressed  that  under  the  latter  conditions  the  electric 
current  may,  in  part  at  least,  pass  from  one  electrode  to  the 
other  through  the  mass  of  unfused  ore  and  fuel  without  passing 
into  and  through  the  molten  iron  in  the  bottom  of  the  furnace, 
and  that  on  this  account  the  heat  will  be  too  much  dissipated, 
and  the  temperature  in  the  smelting  zone  may  not  be  high 
enough  for  the  elimination  of  sulphur,  and  for  similar  purposes. 
In  a  three-phase  furnace  the  distribution  of  the  electric  current 
can    probably  be  controlled   by   regulating  the  height  of   the 
electrodes,  as  the  lower  these  are  placed  the  more  the  electric 
current  will  pass  from  each  other  directly  to  the  molten  iron 
which  forms  the  neutral  point  in  the  furnace.    The  single-phase 
furnace   certainly   avoids   this  difficulty   altogether,    but   it   is 
necessary  to  use  three  furnaces  so  as  to  employ  the  three-phase 
electric  power.    A  further  difficulty  is  met  in  attempting  to 
equalize  the  current  supplied  to  each  of  the  upper  electrodes, 
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and  it  may  be  found  desirable  for  each  electrode  to  be  supplied 
from  a  separate  transformer  having  its  own  voltage  regulator, 
in  order  to  avoid  the  necessity  of  moving  the  electrodes  up  and 
down  to  obtain  an  equal  distribution  of  nirrent. 

The  single-phase  furnace  has  also  the  disadvantage  of  using 
a  decidedly  lower  voltage,  and  thus  increasing  the  electrical 
losses  in  electrodes,  cables,  and  transformers.  In  the  Tinfos 
furnace,  the  lower  voltage  may  be  due  in  some  measure  to  the 
use  of  coke  instead  of  charcoal  (as  coke  is  a  better  electrical 
conductor),  but  apart  from  this  a  furnace  using  a  bottom  elect- 
rode will  generally  have  a  decidedly  lower  voltage  than  one  using 
only  movable  electrodes  connected  in  series. 

As  there  is  no  coking  coal  in  Norway,  the  Tinfos  Jernverk 
have  to  import  coke  for  use  in  their  furnaces.  At  first,  a 
good  foundry  coke  was  employed,  but  now  they  use  a  gas  coke 
costing  21/-  ($5.10)  a  ton,  which  they  obtain  from  England. 

APPROXIMATE  ESTIMATE  OF  THE  COST  OF  AN  ELECTRIC 
SMELTING  PLANT  IN  CANADA. 

By  Assar  Gronwall. 

1914. 
Size  of  the  plant:  3  electric  furnaces  of  4,0<)0  H.P. 
Excavation,  levelling,  railway  tracks, 
store  house  for  ore  and  coke,  or  charcoal, 

foundations  for  buildings  and  furnaces |  30  000 

Buildings: — 

House  of  light  iron-construction  for  3  furnaces 60  000 

Crusher  plant  house,  laboratory,  inclusive  of  appliances,  work- 
shop for  repairs,  and  store  house,  and  various  smaller  shops.      12,000 
Furnaces: — 

3  furnaces  @  4,000  H.P.,  with  fans  and  gaspipes 75,000 

Electric  transformer  instruments,  with  low  tension  conductors. .   100,000 

Moulds,  ladles,  Kxjls,  and   instruments jo  000 

Travelling  crane  of  S  tons  capacity j  qOq 

Ore  crusher,  apparatus  for  transporting  crushed  ore  to  the  fur- 
nace top 7  000 

Side  tracks  for  transport,  and  other  transporting  devices 7,000 

Water  pijjes,  and  waste  pipes 5  qqq 

Drawings,   and   supervision   during  construction,   and   unfore- 
seen expenditures ^g  qqq 

1360,000 
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Approximate  Estimate  for  Production  in  Canada  of 
Itilograms  (2204  lbs.)  of  pig-iron. 

(a)    ELECTRIC  WHITE  (CHABCOAL)  PIU-IKON:— 
1600  kilo  ore     (^%  4  /, 

too    ,     lime  (Cao) ©„  15/i 

340    ,     charcoal ©»  12/t. 

0-37  H.P.V.  (2400  K.W.H.)    ©,  10/H.F.Y 

6  kilo  eleclnxJes @,  gs/j 

Labour  and  engineering 

Office,  and  organization 

Repairs 

Depreciation  (6';^  of  $360,000  f  1  r  yearly  output.) . 

General  expenses 

Petty  charges 


1000 


$6.40 
1.50 
4.08 
3  70 
O.Sl 
1.20 
0.50 
0.50 
0.72 
0.50 
0.39 


S20.00 


(b)  ELECTRIC  GREY  (CHARCOAL)  PIG-IRON: 
lOOO  kilo  ore @  $  ^ if 

100    „      lime  (Cao) (u,  „    15  /i \ 

370    i>      ch.ircoal @ 

0-40H.i'.y.  (2600  K.W.H.).® 


X  kill)  t'lectroiles. 


$6  40 

1 .  50 

12/t 4.44 

10/H.P.Y 4.00 


,    .  ...  ®  "  *^/' 0.68 

Labour,  iind  engineering .   ,0 

"'  0.50 


Office,  and  organization. 
Repairs. 


0.60 


Depreciation  (6%  of  $360,000  for  yearly  output.) ....  ........'.'..'  0  72 

General  expenses t\\n 

Petty  charges ■■■■■■■■■'.'......'.'.'.'.'.'.'.'.'.'.'..['.  0A6 


$21.00 
(c)  ELECTRIC  WHITE  (cOKE)  PIG-IRON:— 

1600  kilo  ore @  $    4/, ^^  ^^ 

•'O     »      ''me @  »  IS/t 180 

370     „      coke(859cC) @„    5/t "     I '«s 

0-39  H.P.Y.  (2500  K.W.H.).®  „  10/H.P.Y 3  90 

7  kilo  electrodes @  „  85/t 0^60 

Labour,  and  engineering '20 

Office,  and  organization q'cq 

'^^Pai'-s '.'.'...'.'.'.'..'.'.'.'.'..". o'50 

Depreciation  (6%  of  $360,000  for  yearly  output.) 0. 72 

General  expenses osn 

Petty  charges ^  ^^ 


$18.50 


3 
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(d)  ELECTRIC  GREV  (coKH)  PIO-IHO.N:— 

1600  kilo  ore ^$    4/t $6  40 

130     .      lime fe  »  15/t 1.95 

400      n      coke (e,  ^    5/1 2.00 

042  H.P.Y.  (2700  K.W.H.)    @  „  lO/M.P.Y 4.20 

0  kilo  electrodes                       @  „  8S/t 0.77 

Labour,  and  engineering . .  1 ,  20 

Office,  and  organiution    0.50 

Repairs 0.60 

Depreciation  (6%  of  $J60,000  for  yearly  output.) 0.72 

General  expenses 0.50 

Petty  charges 0  66 


Exclusive  of  Royalty $19 .  50 

Notes  on  Estimate  of  Cost. 
Cost  of  Pit'nt. 

The  Elektromctall  furnace  and  its  electrical  and  other 
equipment  have  been  so  fully  described  in  various  publications 
that  the  cost  of  establishing  such  a  plant  at  .my  specified  p<jint 
in  Canada  can  be  siitisfactorily  estimated  indepentlently  of 
the  figures  here  given. 

Cost  of  Production  of  Pig-iron. 

(1)  \jeneral.  The  estimates  are  for  the  production  of 
one  metric  ton  (2204  lbs.)  of  pig-iron,  which  i>  either  "white", 
that  is  low  in  silicon  and  of  the  kind  usually  produced  in  the 
Swedish  furnaces,  or  "grey",  that  is,  high  in  silicon — presum- 
ably foundrj'  or  similar  iron. 

In  cases  (a)  and  (b)  the  fuel  is  charcoal,  as  is  usual  in 
Swedish  practice,  while  in  (c)  and  (d)  coke  is  used  as  fuel.  It 
should  be  reinpml)cred  that  coke  has  not  l)een  employed  suc- 
cessfully in  regtilar  work  in  the  Elektromctall  furnaces,  and  this 
lessens  the  value  of  the  estimates  based  on  its  use. 

The  ore  used  is  probably  magnetite,  or  a  mixture  of  magne- 
tite and  hematite,  such  as  is  employed  in  Sweden.  It  must 
contain,  judging  by  the  amount  required,  about  60  per  cent  of 
iron. 

The  flux  employed  is  burnt  lime,  although  the  cheaper 
material,  raw  limestone,  is  in  reguLr  use  in  the  Swedish  furnaces. 
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29-6  tons  daily. 
27-4       .       „ 
28-8       .       . 
26- 1 


(a)  White  charcoal  iron 

(b)  Grey  ,         ^ 

(c)  White  coke  , 

(d)  Grey     ,  , 

The  statement  that  6  per  cent  of  S?fin  ntm  , 
output  per  working  dav  of  9«  T!  ,  to  June  1914.  had  an 

by  one  third  (for  a  4000  h  n  \    ^"'^'■*^«^'"K  these  figures 

26.8  tons  of  w^^^eht^a't;"--)'  *'^  ''^^  ^^"^  ^^  ^^ 

h.p.  tnt:  °U'^etcred''toTo^^^  ^'?o^  ^'^^°"«^  ^  ^'^^^ 
while  in  regularUra"o7  t  wll  not  r  "  ''  ^^'^'^  '"'y- 
than  26  or  27  tons  daUv  nvl  "^^^  *°  '^°""*  °"  "lore 

«y.  a  reductiUof  C  ee/t  o^n^he  fi'^^^'  ."'  T^i^""  *^  ^° 
Whilp  \t  .r,,,,  K  "^  ''^'■^  ^^^^^^  above. 

nace,  it  la  rL^Je'^'l^'  ^'^^l^''  ^  ^-"P  ^^  three  fur- 
.  single  fum'act  ^^^Z^^'! :r^^\Zr''^'  '^'^l  ^^'^  ^^^ 
from  the  use  of  burnt  lime  instead  nl  ""-^^  ^  ^''^^'''^ 

be  better  in  ^t!,^/.       ?  '     ^^""^  °^  limestone,  it  will  probably 

cutn  case  the  ore  represents  a 
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larger  expense,  and  in  making  charcoal  iron  the  fuel  costs  as 
much  as  the  clcrtric  powrr. 

(4)  Effect  of  reduced  output.  If  the  output  of  the  furnace 
is  taken  at  10  fwrcent  less  than  Mr.  Gronwall's  estimate,  the  cost 
for  electric  power,  labour  and  engineering,  office  and  organization, 
repairs,  depreciation,  general  exjK-nscs,  and  petty  charges,  will 
all  be  increased  in  the  same  ratio.  This  a  ill  amount  to  an 
increase  of  some  75c  per  ton  in  case  (a). 

(5)  Interest  and  Royalty.  No  charge  has  l)een  made  for 
interest  on  capital,  which  might  amount  to  about  SI. 00  per  ton 
of  iron,  or  for  Royalty  to  l)c  paid  to  the  A/B.  Elcktrometall 
for  the  use  of  their  type  of  furn.ire. 

(6)  Cheaper  ore.  fuel,  and  flux.  On  the  other  hand  the 
figures  set  down  for  ore,  lime,  and  coke  (where  that  is  used) 
may  be  considerably  reduced  under  favourable  conditions,  and 
limestone  can  be  substituted  for  lime,  as  in  Sweden 

(7)  Value  of  waste  ^ases.  The  gax  s  produced  in  the 
furnace  can  be  used  for  heating  an  ojien-hearth  furnace,  and 
would  have  a  heating  power  (per  ton  of  iron)  equal  to  that 
of  the  producer  gas  obtainable  from  about  i  ton  of  coal.  The 
cost  of  this  coal,  and  of  gasifying  it,  can  he  written  as  assets 
in  the  estimate  of  costs,  provided  that  the  gas  can  Iw  efficiently 
utilized. 


THE  RENNERFELT  ELECTRIC  FURNACE. 


This  is  a  new  type  of  electric  furnace  for  melting  and  re- 
fining metals.  Up  to  the  present  it  has  found  its  main  appli- 
cation in  steel  foundries,  where  it  has  been  extremely  successful 
in  units  of  small  ,ind  moderate  size  up  to  2  tons  capacity;  and 
the  inventor  expects  to  extend  its  use  to  large  refining  steel 
furnaces  of  SO  tons  or  more. 

Principle.  The  furnace  is  heated  by  means  of  electric 
arcs,  as  in  the  Ht'roult,  or  Stassano  furnaces,  but  the  principle 
of  the  arc  is  different.  There  are  also  essential  differences  in 
the  construction  of  the  furnace. 

Electric  melting  furnaces  heated  by  arcs  may  be  divided 
into  two  main  classes:  (1)  the  "independent-arc"  furnaces,  such  ai 


-...'  or  ,„H,,-  n,au.H:;;\:v  :':;,;,;''';:,;,'•';■'"'■  r"  "-■ 

air  furnans  thi-  lu.it  „f  ,h..  -.r  "'  ''•"•'•t-l"-'t.nK 

t:-  material   ..,  Ik-     u     ,  I     1.     '  i!  "T""'  """-^  '''"-''v  -' 

serious  fliKtuati„„s  ..f  ilu-  ,„,„.. r  ''^"'m "•"""' '"''"'^'^  •''"^«- 

or  any  cold  nu  tal.  ^  ^"  ""^^"  ^"'^^  «'t«.l  scrap 


'•"'«■  •'      Du«ran,  of  Ke.,,,,  rfil,  fMr^.u... 
with^^.^^;,;^;^;^;^--   M;^-n  o„,p,o^H  .  .a.net 

upon  the  metal  to  he  melted  Vl'''' ''''^ '"''"'^''"''^'"»  ^^- 
'-fficiency  of  the  fun.aa    1    ^ont  '  •^■''■'  ^^'  '"^"^^'^d  the 

"f  operation.     The  wri  er  wa  ^"^  "'  '^''"'^'"'''^''    '"''  ^^^ 

furnace  i„  which  a  „,/;!>  h"  l"  ''^'7  "'  "^^  '^^^  ^'-^"^ 
^he  metal  to  I,e  melted  ,>," Mr  r"  T.''^  ^''^"  -'^  "P«" 
~^T-he A„d.r«,„ ,..„.„      ,    '  '^^'-  '^^'"""^^'t  has  obtained  the 
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same  result  hv  a  sp,rinl  .irranRfmnii  of  tlio  .  IcrtrtKlr^  without 
the  uso  (if  an  i-xtcniil  maK'rwt. 

This  .irraiiKitmiif,  as  shown  in  Fit.  .?.  mnsisr-  of  thrw 
elcctnxk-s,  two  of  which  are-  horizontal  an«l  the  ihini  vcitiral 
ThfV  ar.-  ^upplifd  with  two-pha-^f  turn  nt.  tlic  m  rtiral  .■U-<tro,|.- 
scrvinK  as  the  ronimon  ntiirn  lor  thr  oth.  r  two.  Th.'  ili  .trie 
arc  prodviml  dots  not  flow  dir.c  tlv  iH-lwirn  thi  '".rcr  .Uctr.Ml.  s. 
but  forms  a  vcrli.al  (1  urn- txteiuiiPK 'lownwan!:.  iroin  the  vertical 
Hf(lr<Kli-.  Fn  this  arr.mKinicnt  tht-  rldiri.-  :irr  1-,  dt  tlcciod 
downwards  by  the  niatftu'tic  func  phkIuch!  I.y  the  ikrtrit 
rurr«nt  flowing,  in  the  eh'ctr.Klts.  and  the  latL-i  the  eiectric 
current  the  more  s-tronRly  is  the  arc  tc  r-v.l  downwird  in  the 
furnace. 

Fig.  3  also  shows  the  electrical  iir-exiop-  for  oi.i.Ki:  ip, 
low  voltaRC  two-i)h.is»'  current  from  the  iiiv^Ii  >'\..^f  three- 
phase  supply. 

Construclinn.  The  farnace  consists  of  .,  (\l,,dri  a!  -t.  el 
shell  mounted  on  trunnions,  so  that  it  can  be  tili.  ,i  t<>  (.our  out 
the  contents.  An  fipening  at  one  end,  furnislied  with  a  door, 
serves  |)oth  for  charqinK  an(J  for  pouring.  The  slirll  is  hned, 
first,  with  asbestos  Ix-ard  IJ  nicli  thick,  to  retain  the  iieat  and 
allow  for  the  expansion  of  the  bricks,  then,  a  cf)urse  of  Kfxxl 
fire  bricks,  and  within  this,  a  working  lining  of  inagni  site  bricks, 
fettled,  in  the  lower  f)art  of  the  furnace,  with  a  sintering  comfw- 
sition  of  dolomite  or  niagnesite. 

This  mo<Je  of  construction  which  resembles  that  of  the 
Pearce  and  Smith  basic  copper  converter,  allows  mapnesite 
bricks  to  be  used  for  the  rocjf  as  well  as  f<,.  the  hearth  of  the 
furnace,  and  on  this  account  .i  very  high  temper.iture  canim 
maintained  without  danger  of  melting  the  r(K,,f. 

The  arrangement  of  the  three  electtiMJes  in  the  furnace 
is  sht)wn  in  Fig.  4,  in  which  it  will  be  seen  that  the  furnace  cavity 
is  egg  shaped,  with  an  opening  at  th    small  end. 

C.raphitized  electrotles  are  used  instead  of  the  cheafier 
amorphous  carljon  el.  irodes  uMial  in  electric  steel-melting 
furnaces.  On  account  of  their  greater  « lectrical  conductivity, 
the  graphiti,'.ed  electrodes  can  he  much  smaller  than  equivalent 
amorphous  carbon  electrodes,  and  for  this  reast)!i  the  difference 
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sm.llor  size,  ,he  fi  rnn re        f'  ■  '^'""'"^•"^'  '"•   ^'«-^'"nt  of  their 
necessarv  .,.e   i  J  T    „    ^l    "  ''"»  -akenecl  so  nn.ch  by  f.e 

«'"stn,rte,l.     Kor  I  .rax  .,V.     /  "'^  '-'rgest  furnace  so  far 

-in«  very  lar,e  <  ".'r      ^d  'l'  """'T  ^'"  ""•^■^^">-  °^ 
H-..n  n.o.  eve.,,  ..::;;i.;;:;,f  ;;;;;-^''-  ^'-e  hea.  pro- 

charRiMK  ,|onr  and  ,  ,.„';•  '""^    '"  ^'""'^'^^'^    «'">  a 

«radle  n,a,   ..:   1,.    ,  ,      -"".V"       ''   "''^'^  '■"^'-     "    ^^'-^  ""  a 

(-here";;..  tw;:;';.ri,f  ^'  i^  '"^  'r^'^^-  ''^"^  -'^  ^^-^'^'n-. 

-tIw:.rKin,d.l"     :.,,';,  ™P77;'    "f    ^ho    furnace. 
'•■'"  1...  clearly  se.n.  ''"''''  '^"''''^•'■^'  '""'  ngulators. 

"f sn.aii  su.ei  w.t;:  •,:.""':"  "■^^' ?"''^'>' ''^- ^'- — 

i"    ^«..l.„.    an.,    h        seen      ,^^''''';r"'^V'^''"'-^"'''  foundries 

^^ --' n^n,ace  ;u:.  reivz;  u  ^^:r /:^' 't'^^  ^ 

^v.re    n.os,    enthusiastic   in    rcnrd  th  ,"^   ^""''"'-■'^ 

•''''''•-'-'''■  very  .u.,.  suhe;^.^;,^::;:,  ;'■''' ;'^' ^"^"'-^ 

•"■"'^  purposes  where  sn,  ,11  ■  f'-undrus.  and  for 

^"-1   f.-r  castings    fronTc  ^f'  ,^""- '   '^'"   '"'"'""'   ""'''-' 
'<'nsun,(,(i,,n   «hicl,    i.        •      '^n    uhile  ni  regular  ofHTation :    a 

^-'<-'Mors::;;;,Vr:::':,r;;^'^7-'^'"^'^-''-- 

'"""-s  ,.er  „,n  „f  .,', ,  I  f,  r  ■        "  "'  ''^^""' "'  "«'«  K.W. 

-''•--nviifurnu   TV;:;;;:r,^'^^ 
.---vas  used  dX  :  ;^  h;;^  ^^ 

^   tnc  (la>    tune   for  runnnig  machinery 


[ 


I..1.,   K 


ilihiihii     li 


57 


and  during  the  night  for  melting  steel  in  the  electric  furnace. 
This  method  of  utilizing  power  that  would  otherwise  be  wasted, 
is  very  advantageous,  financially,  but  does  not  show  the  furnace 
to  its  ^»est  advantage  in  respect  to  kilowatt  hours  and  electrode 
losses  per  -.on  of  steel,  which  were  somewhat  higher  than  those 
given  above.  During  the  day  time  the  furnace  must  be  kept 
hot  by  means  of  an  oil  bimier,  or  by  a  small  amount  of  electrical 
power. 

The  power  required  tor  a  600  Kg.  furnace,  is  125  K.VV., 
at  80  volts;  and  for  a  1,000  Kg.  furnace,  200  K.W.  For  larger 
sizes,  the  power  needed  jjer  ton  of  capacity  would  decrease  to 
about  120  K.W. 

In  addition  to  its  normal  use  ior  melting  steel  for  castings, 
the  Rennerfelt  furnace  has  l>een  employed  for  melting  ferro- 
manganeso  for  use  in  the  Bessemer  or  o{x>n-hearth  processes, 
and  tests  made  at  Hallstahammar  and  l.jusne  with  this  furnace 
aimpare  ver>'  favourably  with  similar  tests  using  other  types  of 
furnace.'  The  melting  of  one  ton  of  ferro  manganese  in  a  pre- 
viously heated  Renn.rftit  furnai  r  took  atmut  4.S0  kilowatt 
hours,  and  less  than  2  lbs.  of  ilertrodt-s.  The  loss  of  ferro  by 
oxidation  was  a  little  more  than  1  [x-r  rent. 

Up  to  the  present,  alxnit  20  funia(cs  have  been  buih  for 
plants  in  Sweden,  Norwa\',  England,  |an(l  Russia;  the  largest 
having  a  capacity  of  3  tons. 

Larger  Sizes.  Furnaces  holding  more  than  aJKHit  3  tons 
of  stwi  arc  not  heated  by  a  single  arc,  as  in  the  smaller  sizes, 
but  have  two  or  more  sets  of  ek'  trodes,  as  shown  in  Fig.  5. 
Mr.  Rennerfelt  informs  me  that  the  12-toii  furnace  will  have 
three  sets  of  electrodes  and  will  \h-  16'— 6'  long;  it  will  use 
1,.SU0  kilowatts.  A  40-ton  furnace  would  have  4  sets  of  elect- 
rodes of  6'  and  7'  diameter,  and  would  use  4.800  kilowatts. 


■  A.  Sahlir      Thi-  use  of  liriuid  liTni 
St«d  Intt.  1914.  II.  p.  Hi. 
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1  Krone  (Swedish)     =    100  ore  =  27  cents. 
1  Kilogram  =   2  •  204  lbs.  avoirdupois. 

1  long  ton  =   2,240  lbs.  « 

1  metric  tor  =  2.204  lbs.  « 

1  short  ton  =   2,000  lbs.  « 

1  metre  =    100  ci'titimctres  —   1,000  irilliniolres. 

1  metre  =   ,59-37  iiuius. 

1  centimetre  =     0-39       " 

1  millimetre  =     0  0.S9     " 

1  litre  «   1,000  cubic  centimttrts  -  1761  (Imp- 

erial) pints. 
1  hectolitre  =    100  litres  =  6,10.?  cubic  inches. 

1  bushel  of  charcoal    =   2,748  cubic  iiu  his.' 
1  hectolitre  =   2-22  buj^hcls  (of  cli.ircd.il). 

1   Horse   power    (English)    =    .^,^,000   foot    {H)Uii(1s   per   minute 

=   746  watts. 
1   Horse    power    (metric)     =    75    kilogram    metres    per    second 

=    736  watts. 
1   Kilowatt-hour  =  860  Kilogram  calories. 

Metric  ton.-^  and  metric  horse  power  are  in  u-e  in  Sweden, 
and  are  referred  to  in  this  Rej)ort   unless  otlu  rwise  sDccifud. 

'■  This  IS  a  Ii*".!;--*!  tiush,.!,  the  lnii>ft:.il  htj^h.-l  is  i*  i,  i  i,,i*^  i>i  :.Z^'<  ,  iilr<-  ini-hcs  Hof- 
mai's  Gcnrral  Metitilurny.  p  .''M.  Jniirn.il  I  S  \-"i<w-  '.f  f-ha-,:--  '  Inr.  \v .  i  ki  r«,  I^'-ilsl, 
11.  pp    128.  .'50. 
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Beiclstein,  A.    -piipcr  mi  SwkIMi  tin  irii  iron  Nini'liiii^ 
Biljliiinniphy 

liovinK,  J-  <>.      lUi  111  lU'i  iric-  liir i  ^  In  -iwiiliii 

,,  ,,         pajHT  nil  I'Icrlrii   iriin  -ii  ii  hin^; 
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t: 

Californi.in  (I'.S.A  )  ly|K' of  iliTtrir  furn.ur   . 
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hematite  needs  more  than  majiiulite    

„  euliical  ineasureniint  of 

,,  consiim[itlon  |x  r  ton  of  iron  priKliKtil 
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furnace:  two  main  types  for  elecnic  iron  smelling     .    

„        tommercial  efTicicncy  of     

„         for  steel  making 

„         technical  eflicitncy  of 

„         shaiiless  furnace  \ir-.[  suited  for  making  found   >  iron 

„         number  of  men  re(|uired  to  oix-raie 


51 


61 


62 


f-— Continued 
Klecri.  fur.ucc,:  nun,bc,  ..p..n.>,  .„d  .oca..o„.  i„  SwH. ..  and  Nor-     '''' 
"  ••  '^'^'  ^"fl  "I'kcpp  oif  ,lntro»hi.rr.;j,.  ;,„_  ,  29,30 

"  >>  ..  ,,   I  .iil(»  furnanv  ■  ^.  J,  a,  14,JS 

"  .,._•"•        •■  "  '^'''""■''f»'lt  fii-nacf .i,,    *^ 

"  "'"f:;^"' «-"'>»-'« —n.orphous  carUin  «'^',"'  " 
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\ol.     I  -  C  oal  w.ishing  and  coking  tests. 

\'ol.   II  -Boiler  and  gas  pi  ^ducer  tests. 

314.      Iron  ore  deposits,  Bristol  mine,  I'ontiac  countv,  Oucbec,  Report  on— 
by  K.  I.indeman,  .M.l-.  '  ^ 

IS    Tin:    PKKSS. 

179.      Ihe  nickel  indiislrv  :   with  special  reference  to  the  Sudbury  region,  Ont. 
Report  on-    b>  f'role.ssor  A.  V.  Coleman,  I'h.I). 
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"11.     ^ale  200  feet  to  1    m  h.     (Acco    r  .n   ■     ">    '-  '-'ndenian. 
tl^O.     Magnetometric  survev  vertiC  int  r  """"  '"•  '''' 


tI90a 


I. Accompanying  rejx.rt  No.  184.) 


tlQla    r.„i     •     .  ^--^Lcompanymg  report  No.  184  ) 

"•  '^l:ss!^;^^-ns:j^..^<^,.,..>,.  „„„, 

(Accompanying  refiort  No.  184  )  ^  ^"  ^""  ^'^'■'  ">  '  i"<-h 

tI92.     Magnetometric    .survey     v.rrir.l    • 

Stevens  mines,  Ma'yotcwnhp'Sni;;     ^'"''''"'    '^i'J^    and 
Lmdeman,    IQU      Si-,|Ip    ^i 'f'''"'>'^ '""""'v,  Ontario— I>v  P 

report  No.'l84.)"-     '^"'''^    '"''   f'^"    '"    '    inch."  '  (AccompanJ-ing 
be  procured  -Paraleirb;  XiiSm',"'  '"-J^'-dently  of  report.,  hence  can 


if-nw^;.^ 


M 

I 


tl92a.  CcoloKiral  m;  ,,  Rankin,  ChM~,  .,n.i  St.vons  mines,  M.u..  t.^n.hip. 
ll.iMinKs  .oum>,  ()nt.iii,.  |,y  K.  l.iii.l.nMM.  l')ll.  SmIc  200 
tcct  to  1  inch.     (.\aoni|>.in>ing  T^■]H>n   \u.  1,S4.) 

tl93.  Magnftomi'trir  survey,  v.rii,.,l  im.n>iiv:  KtMine.ly  prorK-rly.  ("..rlcw 
h.unship,  HiMwiKS  i.Mimy.  Ontario  l.v  K.  I.indinian,  1<MI. 
>icak-  idtl  ffft  to  1  inch.      (.VKMiipanyinK  r(|M.rt  No.  I.s4.) 

tl9Ja.  GcloKiral    map,     Kcnne.ly    pr.,,Hrly,    Cirlow    townsliip.    Hasting 
county,  Om.iiD-l.yK.  I.iml.  in.in.  I'>11.     Scale  J(M)  tret  to  I  inch 
(Accompanyinj;  report   No.   I^4.) 

tl94.  Ma>;nelon,elric  survey,  vertical  inlen.^iis  :  How  I  .ike  iron  ore  orrur- 
renccs  Iar.i(lay  l.mnship,  ll.isiinns  (  ounlv,  <  )ni,irio-  hv  K.  l.indc- 
m")  ^'       "'""  ^'''''  '"  '  ''"''■     <-'^'^"i"l''"i>'"K'report  No. 

t204.  Index  niap  mannrtiir  orcurrem  ,s  ,dnni;  the  Cenir.d  ( )nlario  r.iilway- 
by   I..   I.uulem.in,   1'>I1.      (  \.(<,n.p.ui>  in«  report    No.   IH4.) 

t205.  MaKiuiomctri.  ni.ip,  \Uh,m-  M<,nn.,iin  iron-lKarini;  .lislric,  SurlLury 
diMri(t,  Onl.iri,):  DepoMis  Nos.  1,  >,  .<.  4,  ,=;,  (,,  and  7  by  K 
l.indcnian,   1411.      (.VcompanyinK  report    No    M)i.) 

tiOSa.  Geological  map,  M„„s<-  Mountain  iron  l>e,irinK'  district,  Sudlmry 
district,  Ontario,  I  Vposiis  Nos.  1,  .',  ,?,  ^,  .,,  „,  and  7  l,y  K.  I  in.le- 
nian.      (.Accomparyin^;  r<  port   No.  .!".?.) 

UOt).     MaKnelon.ctric    .survey    of    M,,,,.,-    Mount., in    ir,,n  he.iriuK    .ti-trict, 
Sudbury  diMri.i,  Ontario:    uort  hern  part  of  deiK.sii   N.    •     l,v  I- 
linden,,,,,     1«)12.     S<ale    2(H)    feet    to    1    inch.     (.Accompanying 
report  .No.  JO.i.)  '       '     '^ 

t207.  Magiielonietric  surv.  y  ol  .Moose  Mount,, in  iron  bearinij  district,  Sud- 
bury district,  Onl.irio:  |)epo.>its  .No,.  .><,  ')  .,„,|i)\  1,\  ].  I  inde- 
man,  1<)1.'.  Scale  200  feet  to  I  i,i.  h  i  Ac 
.No.  303.) 


\ccon,pan\ii,K    report 


t208.  .MaKnein„i,tric  survey  of  .Moose  Moum.iin  irou-hearing  district 
Sudburv  di.-tr.ct  f)nta,i„:  Deposit  No.  10  -  l,y  K.  I.in.lernan, 
VnZ.     .-xrale  200  feet  to  I  inch.      (.Accoiiip,,,iving  rp[K,rt  No.  MH  ) 

t208a.  MaKnctonietric  survey.  Moose-  Mountain  iron-UarinK  district  Sud- 
hmy  ihMrKt,  Ontario:  csOtu  [H>rtion  of  I  )eposii  No  11  hv  F' 
Lindeman,  I'M  2.  Scale  200  feet  to  1  inch.  (Ac  ,„„panying 
report  No.  i03.)  '      '    " 

)8b.  \iaKnetometric  survey,  Moom'  .Moun'ain  iron-l,e,,rin«  district,  Sii.l- 
bury  dtstrtrl,  Ontario:  uestcrii  poitioi,  of  de|)osit  No  11  -by  F 
No    3(U  )■  ''"'■     ^'"'''  '"*'  ''■'•''  '"  '  '"'■''■      '  ■^"■"">t«nv  inR  repor't 

t2n8c.   (.eneial     R.oloRical     map,     .Moos.-     Mountain     iron-b,arini;     .listrict 
Sudbury(l, strict,    Ontario     b\     K.    I.indenian,    1<>12.     Scale    80() 
feet  to  1  inch.     (.Accomp.inyi,ij;  rcfwrt  No.  303.) 

Note— 1.     Maps  m.irkt-d  thus  *  are  to  hf  ff,u,i,|  ,)nlv  i'l  rrixirta 

2.     Main  marked  thus  t  have  l«.,n  priiiti-d  iii<lci,cndently  of  reports,  hencf  can 
Ik-  lirocured  scp.arately  by  applicants. 


t-'lll.        lo, 


Scale 


I  '<   .1  Mill.  ,  1,,  1  „„  I,.     (,V.<,mp,,n>inK  ri  |H,ri  N,..  i{)<),) 

UlS.  '•^-i;;''  ;•'  Ml;-H.,:  ..I,„«,„K  ,,r,,Kr,i,>fro,H  •vhi,  h  s.u,  pl.s  „f  , ,« 
«.r.  I  ,kn,  lor  ,  ,.  ,,r,„l„Mr  Us:s.  |  ,,.  I  T.-.tiPR  |)ui,i,  „  (),,am^ 
(.\r(.>iii|Mn\iiin  ^iMiiiiutv    r.-(«.ti.   V)]2.)  n,  .  Mia»« 

t-'-'i.  \lh,i,,^,|iMn.,.,V„k,.„.  S.„l..(5,„ll,.Htoli„.l,  hvT  \  Maclean 
i.\M..Mi|>;inyinK  r.|...ri   No.  JJJ.)  '        ■'   •»''"^i.eaii 

*"'■  "■"MKl':!':n"',t"'"'  '^■"!"""  ^■''•-  -  "'"-  •"  '  ""■h-^'^  T.  A. 
M.ul  r.iii.      (  \i((Mnp.m\iiiK   report    No.   222.) 

''''  '""ni'n";!;."'^,.;';"''"-  '^■''" " ' >  -•■'•■  -a.. p,..,vinK 

*'"'■      ''"'r^r'No^'m;'  ^' '"'  ^^^'^"■"  "••■™-     'A,'.on,panvi„« 

K.ur>  ,„   il„,   .\L,r„tM.r   provi,„,.,<.     S,-,,!o    I(/;   ...iKs  to   1   inrh 
(  \(roiiip.inviii;;    rrporl    No.    m^.) 

^-Ml.     .M.,|.  -l,o«i„^  nhiio,,  „l  «v,,Mm,  .t.iH.sii ,  in  Northrrn  Ontario  to  rail- 

f-MJ.     M.,p  <„„M.I  Kivn  ..p.,,,,,.,  ,„„,„,  o.uario.     Seal,.  4  miles  to  1  inch 
(  Vicoiiip.iiiyiiiK'    niMiri     No.    2l,v) 

tJ4.!.      na,i^of^U.ni,ol,a   (,ypsun,    (  o's  prop,  r.i,..      (Accompanyin,  „,wt 

t.'44.     ^'^-P  sIiowinK   r.b.ion  ..f  sypsun,  c!o,«,si.s  in   British   (oinn.l.ia   to 
^i^yJn's^rlj'.t"-     ^-"■^^""'— 'linch.     (A.con,^:;,,::^ 

t2»0.      ^^U'■u■tu,m■,ri^    Mirvoy,    CaMwHI    an.l    Campl.cll    minos.    Calahoaic 

t250.  MaK-u-tonu'trir  surxrv,  HIark  l?,,y  or  Williams  ,„ine.  {alahouie  .jistrict 
Renfrew  .....nu  ,  .  ...ario,-  by  K.  I.i„.le,„an.  1^11.  Scal^  V.'o'et 
to  1  inch.     '.Xetonipanyini;  re|X)rt   No.  254.) 

t2,SI.  .\IaKne,o,nenl,  s„rvoy,  Ulud  Point  iron  nune,  Calahogie  ,|istru  t 
Re„f  ew  eounty,  Ontano  -In  K.  I.in,l..n,an.  1011.  S..,!,.  2.)0  fm 
to  1   imii.      ( Acroinpanyin^  report   No.   i,^4.) 

t2.S2.  MaKMeioinetrie  survev.  Cuiliane  „,in..,  Calal-oKie  distri.i  krnfr( 
.onn.v.  Dn.ar.oMu  E.  I.indeman,  lOU.  s'.le  2(H)  eel  ,,  1  , 
(A'l-o.iipanying  report    No.   254.)  ^'loiin 

Notc.~1       N|„p5  markrd  eh,H  •  ;,re  to  he  found  onlv  in  reports 

-.     Maps  mark,.,!  thun  t  h.we  hfon  printed  indepSemly  of 
be  procuru-d  separately  by  anulicanta.  ^ 


row 
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reports,  hence  can 


■  W^'v 


TI'C   -■ 


t253.  M.i>;ii(  t.itiiiirii  -iir\<  \ ,  M.iili  I  i.t  V  lUm  itnti  itiim-,  C.iliilioKir  iIihkji  i, 
Ki  iiliitt  t  (iiiMlv,  i  ini.iriu  l)>  I-.  I.indi  11.111,  T'll.  S  .ili'  i(K)  Icit 
III  1  iiirli.     I  Ai  I  iiiii|MM\  iii^  it|'uri   Nil    J,--!.: 

t20l.  .M.i^iiriiiim  tru  -iir\f\,  Ni.i  i In  .1-1  ,\riii  in. 11  r.ii  r.  loi  ^^'>  '  .  T.W. 
I  .iki-  1  iiii.iL:  niii,  Nipi-~itin  ili-.'iiii,  ttni.iri.i  \>\  I  .  Ns^lroiii, 
VIM      S.  .ilf  ji«i  li.i  III  I  null 

t26«.  M.i|.  of  |.<.ii  Imv;- iiiM-ii.;  Ill  il  in  Ijiiiliii      I.',    \.  s     Snuii,  I'M.'. 

tiO'».  I  .ir^f   I.M  I  i.'l.l  |....i  I..11,,  l..,iil„-. 

t270.  Sin.ill  Tr..  liil.l  |..Mi  '...l;.  Uui  I..-I  , 

T27I.  I.,iii..r.iii-  |ii,ii  liii,;,  ijinliii  .,             „ 

t272.  '~<l.  Il\.ii  iiilln-  pi  ,il  li.ir,  Oiicliri-  ,,               , 

t27,V  l<i\  it  re  ilii  I  i.ii|i  jjiMi   Iiiil;  „                „ 

t274.  I  .niiiin.i  pt.ii  lioi;  , 

t275.  I.c  I'.irr  pen  Imij,  OiicIhc  „              „ 

t270.  St.  flini-pc.il   1)1%',  I.Hiilnc  „                „ 

t277.  KiviiTi' <Ju.  Ill    pen  l.di;,  ( )ii,h;i 

t278.       .MooM'   MiiuMt  lill  pi.il    liiii;,  (Jli.  I,,r 

t284.  Map  1)1  tinrilurii  poiiinii  nl  .Mlnii.i,  -Imuin-  po^iiinii  i.f  niiniops  of 
liijiiiiiiaiiiiH  >,i.-.il.  S.iK  !_''.  iiiiji  s  III  1  iiuli.  i.Vi  iiinpan>  inn 
ri'piirl  .\  ,.  J.Ti 

1293.  Map  Ilf  Piiiiiininn  nf  C.in.id.i,  slinwin,;  :  lir  o.i  urii'iircs  of  oil,  ^;,i,,  anil 
l.ir  s,iiuls.  Si.ilc  l'>7  iiiili-s  In  1  iiiili.  (.\(  I  .iinp,inyiii>;  report 
No.  2<M.) 

t294.  Koi(miiai--!tin' I-  iii.ip  of  p.iri  nl  Mlnri  ,iimI  \\i"-i  inorl.inil  loiintii-s 
New  lininswick.  Sr.ilc  1  ir.ilr  in  1  iiu  li.  (.\<  1  miip.un  iiij;  ri-|iorl 
No.  2')1   ) 

t29S.  Sktirli  pi  III  of  <  la-pi'-  oil  I'irliN.  (JnliiT  .-.liowiii'.;  liK.ilinii  of  wells. 
Si.ili-  2  mill  >  111  1  inrh.      l.Xrioiup.nu  iii^  n-pnrl  .No   2')\.) 

t296.  M.ip  showini;  i;a>  ami  nil  ficliK  .iiiii  pipe  liiii-.^  in  -on;  Imotcrii  ( )nlario. 
Sc.ik- 4  luik-s  10  1  ir.rli.      i  .\ironip,in\  in,^  rrporl  No.  2''1.) 

t2')7.  ('i('olnj;iral  iiMp  of  .MIuTta,  Sa-k.Urlicwan.  .mil  M.i-iilol),i.  Salr  .i.i 
niil<>  to  1  iiuli,      f.Vccoiiipatn  iiit;  report  No.  J'M.) 

t298.  M.ip,  ^;elllo-y  of  ilie  fnrty  tiin:!!  p.ir.iilrl,  0-0.V(,4  ,„i|,.^  ,0  1  incK 
(.Accomp.iiu  iiii;  report    Nn.  _")|.) 

Note.  -I.     Miiji^  markeil  tluii  *  .ire  10  fj.-  found  only  in  ri  imrts. 

2,     Maiis  nia. ':o(    th!j.i  i  !ia\c  b-'iti  priiili-.!  iiKlc-n'ndi-iitly  of  rr-ports.  lienrt'  can 
be  procur. '■  *,'iiaralt!y  tjy  apilii  anls. 


»x 


i^j  Mni.»i.,  I  ,„ch,     i.V.o.M,Mnyini{ri-|Mirl  No   .">|.y 

•        I  iiKl,  "•'     '"    '•    '-""'""•'".   l"IJ.     Scali-  i(K)  feet  to 

f<e.  in  I  imh  ^   -^    "    •^-    X"'""*'".   l''I'.     Sale  200 

Addren  aUaimmuniraltnns  lo  — 

DlHErToM   Minks  Hkwi  ii, 

DkpaRTMKNT  ni     MlM.v, 

St  >si.:x  STKKhT,  Ottawa. 
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